


Bristol Aircraft Co. Ltd., 
Fairey Aviation Co. Ltd., 
de Havilland Propellersulitdy 
A. V. Roe & Co. Ltd., 
Vickers-Armstrongs Ltd. 
all use guided missile components 


ONE SHILLING & SIXPENCE 


SPECIAL NUMBER fs 


GUIDED 
MISSILES 











6 DECEMBER 1957 FLIGHT l 












MEMBER OF 
THE BTR GROUP 
(AERO PRODUCTS DIVISION) 


An old established Company with a new name... reflecting our broadening 
interests and activities in the design and manufacture of products for the 
Aircraft Industry. Palmer engineering service and production facilities, 
backed by the full resources of BTR Industries Ltd, place the accumulation 
of over 40 years’ practical experience and specialised skills at the disposal 
of designers of aircraft and guided missiles—and, indeed, of all in 
aviation who have a technical problem to solve or an idea to develop... 






Palmer Aero Products Ltd PENFOLD ST. LONDON N.wW.8 
> AERO COMPONENTS - RAMS VALVES - SILVOFLEX HOSE - X-RAY INSPECTION SERVICE 
1371 
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The Matched General Motors Power Team 
of Allison Prop-Jet Engines 

and Aeroproducts Turbo-Propellers 

Marks Another Milestone by Receiving 
CAA Approval for the Commercial Jet Age 





CAA AFFIRMS DEPENDABILITY OF ALLISON PROP-JET POWER. Another major step 
toward commercial airline operation of Allison Prop-Jet power in the Lockheed Electra has been accom- 
plished with the on-schedule approval of the Allison Model 501-D13 Prop-Jet engine and Aeroproducts 
606 Turbo-Propeller by the Civil Aeronautics Administration. Backing up the qualification test were 
80,000 hours of development time on test stands, over 75,000 hours of experimental and service flight time 
and testing of engine components for an additional 50,000 hours. Approval of the CAA affirms the versatility 


and dependability of this matched General Motors power team for the jet age in air transportation. 








ALLISON DIVISION OF GENERAL MOTORS, Indianapolis, indiana 


GENERAL 


LLIS ON PROP-JET POWER MOTORS 
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GODFREY —aircraft equipment — 


Godfrey aircraft pressurizing and air conditioning equipment has 





a established a world-wide reputation for reliability and economy in 





operation. The CA-7 Cold Air Unit illustrated is installed in all 
variants of the Vickers Viscount and in the D.H. (Airspeed) Ambassador. 
Godfrey products include: cabin superchargers and Godfrey SRM 
compressors; water extractors, valves for control of flow, pressure 
and temperature; pneumatic actuators; radar cooling units and 


turbo alternators; air conditioning and pressure testing trolleys. 





S18 GEORGE GCOOTREY & PaRTHLAS its 





Sir George Godfrey and Partners Ltd. 


HANWORTH, MIDDLESEX and HENLEY, OXFORDSHIRE 





ASSOCIATED COMPANIES IN: MONTREAL, MELBOURNE, JOHANNESBURG 
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ALO PELE RAGOR NG A EVLENS 


Designers with designs for tomorrow 


What sort of bearings do Ransome & Marles make? 

We make all types of ball, roller, parallel roller and needle roller 
bearings which will fully and economically meet most applications. 
Also, in addition to our vast standard range, we manufacture special 
bearings for use in conditions calling for unique designs, dimensions 
or materials. For instance, we undertake individual research into 
bearing problems for manufacturers of guided missiles. Dry 
lubrication, the ability to withstand corrosive fluids and enormous 
sxcceleration are examples of the special problems involved. 
What about bearings for, say, high-precision equipment? 


RANSOME & MARLES BEARING CO. LTD., NEWARK-ON-TRENT, ENGLAND 


Telephone: Newark 456 and Telex 37-306 





turn to Ransome & Marles 


This also demands special RIM bearings. Take machine-tool grinding 

spindles for instance. Here ordinary limits of accuracy are wholly 

inadequate, and we produce bearings to ultra-precision specifications. 

Sometimes, also, we supply bearings made from stainless steels. 

I suppose this involves pretty thorough inspection ? 

All our standard products are checked individually— from the first 

analysis of the raw material right through to the final product inspection, 

every bearing is subject to over a hundred separate tests. So you can 

be sure that quality goes hand in hand with quantity when you specify 
—and you know also that it will be the best obtainable anywhere: 
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AT Shorts 
IDEAS TAKE SHAPE 


on time 


Time is a challenge. It faces all industry at 





some time: it faces the aircraft industry all 
y ~ ee : the time. To meet it requires flexible thinking, 

i the ability to switch and control great resources 

Y, e/ fi and the continuous replenishment of the 

7 a Un pAe resources themselves. The programme of build- 
ing, retooling and re-equipping now nearing 

7 completion at Shorts in Northern Ireland has 
,- (ey expanded even further the capacity of this great 
ay : factory, probably the largest of its kind in 


Europe. Here, where new ideas in missiles are 








on the way, there are space and skill enough 














ng : 

ly to solve the most complex of problems. Shorts 

Ss. ° . ° ° -- 
have a reputation for on-time delivery. They 
propose to keep it. 

st 

L, 

a 
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Short BROTHERS & HARLAND LIMITED, QUEENS ISLAND, BELFAST, N. IRELAND 


The first manufacturers of aircraft in the world 
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New addition to the Thorn family of 


miniature indicator lampholders designed 


to use the Atlas midget panel lamp which 
is only 0.575" in length and 0.249" 





INTRODUCING Moree 


ROTARY-SHUTTER 


LAMPHOLDER 
SHORT AND LONG SHANK VERSIONS 


This lampholder represents an outstanding advance in 
space-saving—the outside diameter of the complete device 
is only %&”. Here, then, is the smallest of all dimmer 
indicator lamps. The cap contains a rotary shutter with 
built-in stops to restrict rotation between the fully- 
shuttered and the fully-open positions. When fully 
shuttered there is sufficient illumination for night vision. 
Glass lenses are engraved with the direction of rotation 
and letters indicating night and day conditions. 

The short shank version is designed for panel fitting 
where there is no “Plasteck” panel 
intervening between the indicator 
cap, and the lampholder. The long 
shank version is for use where a 
“Plasteck” panel intervenes and /or 
where the extended length may be 
necessary to suit special installa- 
tions. Both components are 
designed to screw into the standard 
lampholder body used for Plasteck 
lighting L/H body 80/10/0063 
earth return. This can be supplied 
as double pole version if required, 


bef 
INLET 


oo 


Colour of cap: red, green, amber, 
blue or clear. Can be supplied with 
28”, 12” or 6” bulb. 















PRESS ¥o-TEsT 


FITTING 

Extreme compactness has been 
achieved in this new “Press to Test” 
component. For installation a 
round hole 4}” diameter is all that 
is necessary in the mounting panel. 
= ‘ The component can be extracted 
from either the front or from the 
back of the panel. There are two 
versions one with 3 terminals (solder 


ee ||\\\\\\\ 


ii 


or screw | terminal common) and 
the other with 5 tag terminations, 
solder (1 terminal common). The 
internal contact assembly are so 
arranged as to be free from normal 
aircraft vibration conditions and 
pre-determined contact pressures 
are maintained in the design tech- 
L nique. The front indicator plate can 
| be engraved “Press to Test” or for 
any other engraving to suit opera- 
tional requirements. The lampholder cap may be either 
the indicator or rotary shutter type. Colour of cap: red, 
green, amber, blue or clear. Can be supplied with 28”, 
12” or 6Y bulb. 





For full information write: 

AIRCRAFT COMPONENTS DIVISION, THORN ELECTRICAL 
INDUSTRIES LTD, GREAT CAMBRIDGE ROAD, ENFIELD, 
MIDDLESEX. TEL: ENFIELD 5353 
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: Marston Excelsior Ltd., contractors to the Ministry 
. . of Supply for specialist assembly work on guided 
wo missiles, supply the following:— 
der 
ind DIAPHRAGMS 
ns, 
the 

: EXPULSION BAGS and other non- 
= metallic equipment for H.T.P. and other 
val special fuels. 
nd 
- END CLOSURES, NOZZLES 
> and BLAST PIPES in glass fibre 
an laminates and ‘Durestos’. 
or 
a- Marstons are specialists in light alloy fabrication, 
or laminated plastics components and flexible tanks 
i. —which are renowned for utmost reliability and 


outstanding efficiency. 


MARSTON EXCELSIOR LTD. 


Fordhouses -: Wolverhampton 


2ry company of Imperial Chemical Industries Ltd.) 
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IN GUIDED WEAPON APPLICATIONS 
throughout the Western World 


MAGNESIUM - THORIUM ALLOYS 


are used for lightness 


Apply for particulars of these alloys to 


the pioneers and manufacturers 


MAGNESIUM ELEKTRON LIMITED 
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MOTOR DRIVEN COMPRESSORS 


series or in parallel and each of the units 


Test equipment for aeronautical research 
being manufactured by the G.E.C. for the = can deliver 157,000 cu. ft. of air per 
Ministry of Works includes eight 44,000 ' minute at 140 p.s.i.g 

b.h.p. air compressors, each driven by a > ‘ The illustration shows one of the compressor 
combination of an 8,000 h.p. steam turbine, units with its starting turbine being assembled 
and a 36,000 h.p. synchronous motor. The on its test bed ot the Erith Works of the 
eight units can be operated either in . ; . . Company 
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would \ike just one 


THE ‘DICKENS’ JUG 


In beautifully orna- 
mented pottery, with 

characters from Dickens 
modelled in relief on 
either side. Colour- 
ful and decorative, 
and containing 

an airtight tin of 
$0 State Express 
55S — 

'6. 



















THE WELWYN 
CASKET 

- An elegant and stylish 

~ modern casket covered 






— and lined with ‘ lizard 
—_ skin * effect material, 
~ containing 
100 State Express 555 
35!.. 


~ PRESENTATION CABINET 
- Styled in the traditional State 
Express 555 manner, this cabinet 
in primrose and gold contains 
150 State Express 555 33/9. 


Similar cabinets also avail- ye” 

able containing 200, 250 or ae 

SOO State Express sS5 
cigarettes 


Of these marvellous presents 
for htistmas 


Just imagine hearing one of your family saying 
that. It’s a wonderful solution to most of your 
Christmas Gift problems. Give State Express 
555 Cigarettes this year to friends and family 
alike—you can be sure they'll really be 
appreciated. 

There's such a wide range of attractive packings 
—from 10/10 to 38/-—that you'll be able to 
find a gift to please everyone. Now take the 
‘Dickens’ Jug for example. What an amusing 
and decorative piece! Its charm will certainly 
remain long after its contents—SO State Express 
555 cigarettes—have been smoked. 

For the more formal gift, there are presentation 
cabinets and caskets to suit everyone's taste— 
and everyone's purse, too. There’s a distinctive 
appeal, for instance, about the Welwyn Casket. 
Its unusual covering resembling grey lizard skin 
has a look of real luxury about it. 


Finally, just look at those tankards! Real 
English pewter in hammered finish with a heavy 
clear-glass base. For the more modest but just 
as acceptable gift, there’s a half-pint size (also 
containing 50 State Express 555 cigarettes). 

These delightful presentation packings are 
stocked by all good tobacconists and stores. In 
case of difficulty, please write to The House of 
State Express, 210 Piccadilly, London, W.1. 


~/in hoping 




















4 that someone 
will give me... 


STATE XPRESS OS 


She Best Cigarettes tr the Wold 
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GREETINGS 
PACKINGS 


Colourful outers with a 

picturesque _ illustration 

of seasonable character 

50 State Express 555 
10/10. 





100 State Express 555 
21/8. 




























ENGLISH PEWTER 

TANKARDS 

Made in Sheffield in ham- 

mered finish, with the tradi- 

tional glass base, and con- 

taining an airtight tin of 

50 State Express 555 
Cigarettes. 

$ pint Tankard 29/-. 

1 pint Tankard 38!.. 
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ENGINEERING 


assistant available 


His name is STANPAT, and though he is not human he can swallow 
up your tedious re-drawing and re-lettering of standard and repetitive 
blueprint items for 24 hours a day if need be — without tiring. 
STANPAT is the remarkable tri-acetate sheet that Is pre-printed with 
your specification and revision boxes, standard symbols, sub-assem- 
blies, components and cross-sections . . . with adhesive front or back, 
waiting to be pressed into position in 15 seconds! Reproductions are 
unusually crisp and clear, guaranteed not to wrinkle, dry out or come 
off. STANPAT saves hundreds of hours in drafting time and money, 
allowing the engineer more time for creative work. 











ady employed in numerous firms, STANPAT can go to work 
ao! Send us your drawing details now for quotation and free 
gation. 


ee 2 


SIMPLE TO USE: 









adhesive from its 








PLACE the tri-acetate | 
in position on the 
tracing. 







e PRESS into position, 
will not wrinkle or 
come off. 


STANPAT CO. 
é rs Whitestone 57, N. Y., U.S.A. 


STANPAT CO., Whitestone 57, New York, N. Y., U. S. A. 
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[_] Please quote on-enclosed samples [_] Kindly send me STANPAT literature ond somples 
Depe. FA-12 


a aan —— ———— 


OS — 





ADDRESS. 
aw we eee ee aE ae ee SS Se eS oe oe. 





oe ee = =e 
= 
- 
- 
had 
| 
| 
| 
| 
| 
| 
| 
| 
| 
' 


‘ 
q 





11) 








FLIGHT 6 DECEMBER 195 





Continuous and ever-increasing research, backed by the unique facilities of the largest organisation of its kind 
in the world, is enabling the Guided Weapons Division of Elliott Brothers (London) Ltd. to make a unique 
and vital contribution to the development of homing systems. Intensive system study, including simulation 


with Elliott analogue computers, has led to immediate success with a number of very advanced practical designs. 


FROM A SINGLE SOURCE - ELLIOTT 


HYDRAULIC SERVO SYSTEMS ¢ SMALL ELECTRIC MOTORS « SYSTEM *G”* CONTROL EQUIPMENT FOR VIBRATION TESTING « TORQUEMOTORS 
SIMULATION AND DATA RECORDING ¢ MINIATURISED PRINTED CIRCUIT ¢ SUR-MINIATURE ELECTRONIC UNITS « * LAYERED * PRINTED CIRCUITS 
ASSEMBLIES « SWEEP FREQUENCY OSCILLATORS © ‘POTTED’ CIRCUIT UNITS * SERVOAMPLIFIERS * GUIDED WEAPONS TRIALS RANGE INSTRUMENTATION 


Consult} EJLJOTT | for Guidance and Control Systems 


GUIDED WEAPONS DIVISION, ELLIOTT BROTHERS (LONDON) LTD., ELSTREE WAY, BOREHAMWOOD, HERTS TELEPHONE: ELSTREE 2040 
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ELECTRONIC TEST EQUIPMENT 
TELEMETRY SWITCHES 
SMALL COIL WINDINGS 
CABLE FORMS 


BATTERY 
CHARGER 


Operating supply 250v. 

50 c/s single phase 

L.T. Power Pack 
Will supply a variable 
voltage from 3-50v 
d.c. at load of 0-20 
amps 


Voltage Ranges 


3-18v 
15-35v. 
30-50v 
Stability Low Range 
O05v 
Remaining Ranges 1v 


Continuously Rated 


H.T. Power Pack 
Will supply a_ variable 
voltage from 0-500v. 
Maximum Current Rating 


Voltage Ranges—0-200v. 
150-275v. 
200-350v 


A.1.D. APPROVED 


SPECTO LTD 


VALE ROAD - WINDSOR - BERKS 
Telephone: WINDSOR 1241/2 





wn 



















250mA. 
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ROTARY 
TRANSFORMER 


Types 85, 87 and 89 
Input év., 12v. and 19v. 
Output 250v. and 350v. 
Frame size 2 
Length 4.8 
Weight tlb. 7ozs. 
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GEAR BOX 
FOR MINIATURE 
MOTOR 







HELE atoee 





tl 











Ratios 100:1, 400:1, 900-1 

in box size 1.1" x 1.165" 
x.937" or to customer's 

requirements. 
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MINIATURE 
MOTOR 


év., 12v. or 24v 
Diameter .910 
Length 1.640 

Weight 3.5 ozs. 
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FLASHER 
UNIT 
TYPE ‘A’ 








Overall length—4.55° | 

Diameter—2.45° 

Sq. mtg. flange— 
2 140"3.110" 
Weight 16 ozs. 
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FLASHER UNIT 
TYPE ‘315’ 


24v. d.c. 

Overall length 
4.125" 

Width—Max. 1.75" 
over mtg. flange. 
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Weight 8 ozs. 
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Famous names form a worthy 
testimonial to the quality 


of our design and production 


BRISTOL AIRCRAFT LTD. 

BRISTOL AIRCRAFT LTD. (Weston Works) 
ARMSTRONG SIDDELEY MOTORS LTD 

W. G. ARMSTRONG WHITWORTH MOTORS LTD 
HAWKER AIRCRAFT (Blackpool) LTD. 


BROCKWORTH ENGINEERING CO. LTD. 


The 


ABBEY PANEL & 
SHEET METAL C° L” 


Head Office: BAYTON RD., EXHALL, COVENTRY. Tel 


Also at OLD CHURCH RD., LITTLE HEATH, COVENTRY. Te! 


Bedworth 2071 4 


Coventry 89461/3 


A.L.D., A.R.B. and C.LA. Approved. 
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We employ none but the finest 
Craftsmen and are recognised as 
being among the foremost specialists 
in Sheet Metal manipulation in the 
country and are proud that once 
again the reliability of our 
prototype production has made its 


contribution 


The 
DOUBLE 
MAMBA 


BY ARMSTRONG SIDDELEY 
AERO ENGINES 
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Are you kicking 
over the traces? 

































finest 
_ You cannot afford to waste man hours, to use 
highly trained personnel for tedious routine 
alists jobs when they could be better employed. 
n the SINDAK DATA REDUCTION EQUIPMENT 
for the analysis of recorded data in bulk or on 
once a small scale saves time, trouble and expense. 
f our THE K1020 OFFERS THESE FEATURES 
— Rapid and convenient handling of film 
or paper charts up to 6 inches in width. 
eten Comprehensive linear and non-linear 


calibration facilities. Positive and negative 
readings about zero. Zero adjustable over 
full record width. Digital output in actual 
physical units. Visual Display for ‘* quick 
look ’’ purposes. Permanent record by 
typewriter, tape or card punch. 


This system can also be used as a direct 
Digitiser on any Analogue voltage source. 
The K1015 provides a simpler system of 
output in a fixed digital scale of 1,000 units. 


K1020 TRACE READING EQUIPMENT 
Designed for the rapid analysis and 
reduction of Analogue data to Digital form. 











; EQUIPMENT FOR CALCULATION AND ANALYSIS 


SOUTHERN INSTRUMENTS COMPUTER DIVISION CAMBERLEY SURREY TELEPHONE: CAMBERLEY 2230 
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Stide to Safety 
WITH THE ELLIOT Escape Chute 


Within 8 seconds of an emergency landing the Elliot 
Inflatable Escape Chute will provide that vital link 
between aircraft door and ground, a drop that can 






often mean broken limbs and a real danger to young 
and old alike. The Elliot Escape Chute provides a 
cushioned slide without attendants on the ground 


Available for door heights up to 20’ from the ground 
fully automatic and with installation to suit existing 
or new aircraft 


INFLATABLE LIFE-RAFTS 


The full range of ‘“ELLIOTS’ comprise 6 versions 
specially designed for the aircraft industry to seat up to 
20 persons. A 25-seater too, will shortly be available 


INFLATABLE LIFE-JACKETS 


rhe lightest of its kind ever produced. Simplicity 
itself in operation, giving the utmost buoyancy and 
protection, and fully approved by the British Air 
Registration Board 


Write now for particulars 


CORY BROTHERS & CO. LTD. 


(SURVIVAL EQUIPMENT DIVISION) 


HEAD OFFICE U.K. ENQUIRIES 
CORYS’ BUILDINGS, CARDIFF 8 GREAT TOWER ST., LONDON E.C,3. 
TELEPHONE: 3114! TELEPHONE: MANSION HOUSE 3477 
TELEGRAMS: CORY CARDIFF TELEGRAMS: CORY EASPHONE LONDON 


TELEX: 49-300 TELEX: 284986-9 














6 DECEMBER 1957 


Rak 






FLIGHT 


= ULLY AUTOMATIC TESTING 


of precision equipment and components 


DYNAMIC TEST RIG 
ifelmnial-met-lllelg-télela 
-Taleid—t-\dialeme)i 


Servo Systems 


Western Manufacturing, over the years, have 
built up a highly skilled team of development 
engineers for the design and production of 
Automatic Test Equipment. As a result we 
have unique experience in the design of 
many forms of test rig, covering all applica- 
tions — hydraulic, pneumatic, electric and 
electronic. In general we classify these under 
four types: 1. Special Purpose Development 
Test Gear. 2. Production and Inspection Rigs. 
3. Field Service Rigs. 4. Portable Test Rigs. 


Particular attention is paid to the design of 
our equipment so that it can easily be 
operated by relatively unskilled personnel, 
giving results as “GO NO-GO" indications. 
Shown here is the Dynamic Test Rig, which 
simulates a complete servo system and 
automatically carries out several tests of 
function and performance. This is one 
example of how Western “Automatic 
Inspection” is applied to solve complex 
inspection problems. 


Western also design and produce small parts and sub-assemblies for guided missiles. 


Write to us today—our experience is readily at your disposal. 


WESTERN MANUFACTURING (READING) LTD. 


THE AERODROME - READING - BERKS. Phone: Sonning 2351. Grarms: Hawk, Reading 
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Equipment 
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Size 15 servo gearhead 
Widely used in instrument 
servo mechanisms they 


Outline of the 

















expanding range of Control Equipment. 


Write or telephone for 
literature dealing with our 





























Cutaway of 
Size 15 servo 


provide reduction ratios 


up to 360,000:1 
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smallest d.c. servo motors, it is eminently 


suitable for use in compact 


for locking when servo loop is broken 
electronic apparatus 





Widely used in servo safety circuits 


servo motor with Magnetic 


Outline drawing of Size 11 a.c. 
Size 08 d.c. servo motor. 
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Of Genie, Wizard, Goose and Quail .. . 


SK a layman what he believes to be the latest development in guided weapons 
A and he will probably think himself a well-informed citizen in naming the 
anti-missile missile. If he fancies his luck as a wag he may even suggest the 
anti anti-missile missile—supposing this to be the very ultimate in complication 
and futility. But let him beware; for he will be in danger of underestimating the 
lengths to which technical elaboration and low cunning are being exploited by the 
frantic fraternity of missilemen. That much is clear from a study of our special 
review this week. 

To suppose that an air-to-air guided missile is a weapon that is homed or guided 
on to a target which it attacks on impact, or in proximity, with an H.E. charge is 
now to err to the point of naivety; for already in service is Genie—a device of this 
general description, but with the not inconsiderable variation that it has a 
1.5 kiloton nuclear yield. Nor is it permissible any longer to define a surface-to-air 
missile as an anti-aircraft weapon, ie Nike-Zeus and Wizard are coming forward 
in the réle of “antis”—that being the new gibberish for anti-missile missiles. The 
function of these birds (again in professional parlance) is simply defined as the 
interception, at a safe distance from their targets, of ballistic-missile warheads 
approaching at three to five miles a second. And even though Senator Symington 
has declared “‘anti-missiles” (the rationalized rendering of “antis” or “anti-missile 
missiles”) to be more than five years off, we may be sure that America’s develop- 
ment programme has attained crash intensity in the commotion of post-Sputnik 
weeks. 

Birds of a more exotic feather, being “counters” as distinct from “antis,” are 
Goose—designed to decoy surface-to-air missiles—and Green Quail, which, 
launched from a bomber, is intended to “immunize its mother aircraft against 
interception.” (On this interesting biological point we have the assurance of the 
Technical Editor.) 


. . « Polaris and Pied Piper 


In the hope that a cross-heading will have enabled the reader to rally his wits 
sufficiently to pursue this harrowing induction, we invite his attention to Polaris, a 
U.S. Navy IRBM (intermediate-range ballistic missile) for operation from an NPS 
(nuclear-powered submarine) which is navigated by SINS (ship’s inertial naviga- 
tion system) as a component of the FBMS (fieet ballistic missile system). We note, 
with due reverence, that the strike of its nose-cone during firing trials from an EAG 
(experimental ordnance-testing vessel) will “probably be pin-pointed by the 
SOFAR bomb.” It is to be deplored that no definition of this last device is available 
at the time of writing. 

An American admiral has forecast that, armed with Polaris, the nuclear-powered 
submarine will become “an underwater satellite.” It will, he says, be large enough 
to store, maintain and fire six IRBMs, and will be able to move anywhere, at any 
time, completely submerged. He further suggests that, in terms of deterrent value, 
it would compete more than favourably with land-based systems. 

Reference to a satellite brings us to what must be, in this editorial at least, the 
ultimate missile. We allude to the U.S. Air Force’s Pied Piper, described as a 
“reconnaissance system” and taking the form of a satellite orbiting at levels between 
300 and 1,000 miles. (We must add, in justice to the missile planners of the 
U.S.A.F., lately in the pillory along with colleagues from other American Services 
and agencies, that this project dates from early last year—perhaps earlier—and 
that during that year a cool twelve million dollars or more was invested in the 
programme.) 

The Pied Piper of Hamelin we remember as a remarkable fellow who really did 
have a way with children. But he will play second pipe to his namesake of 1960, 
which, we read on page 897, is to be followed in 1965 by a man-carrying version. 
For the idea of man following missile, when all the fairy stories have told us that 
missiles have succeeded men, is something that would set even a fairy piper 
wondering. 























































FROM ALL{ 
QUARTERS 


Unification in the Industry ? 

HE future of the aircraft industry was the subject of questions 

in the Commons last Monday. Replying to them, Mr. Aubrey 
Jones, Minister of Supply, said that although the reduction in 
demands for military aircraft had been substantial, he was optimis- 
tic of the success of manufacturers in selling civil aircraft at 
present in course of production or development. He went on to 
say that an interdepartmental examination of the problems 
involved in the transition, including the future of Government 
policy on aeronautical research, was now in progress. The Trans- 
port Aircraft Requirements Committee was inviting the $.B.A.C 
to participate in its discussions 

“Lastly,” said the Minister, “it is desirable that the industry 

should reshape itself into stronger units. I have accordingly 
intimated to the industry that in placing orders for further require- 
ments, the Government will be influenced not only by the quality 
of design but also by the resources, technical and financial, avail- 
able to complete the project quickly and successfully; and that, in 
so far as these criteria were not met in isolation, the Government 
will require the chosen contractor to work in association with one 
or more other contractors.” 


The Curtailment of Research 
A STATEMENT issued last week by the S.B.A.C., accompany- 
ing a memorandum circulated privately to members, says that 
the British aircraft industry is seriously worried about the extent 
of the curtailment in the research and development programme and 
has been so ever since the Defence White Paper was issued. 
The director, Mr. E. C. Bowyer, says that research and develop- 
ment must be maintained at a level which meets the parallel effort 
of competitive nations; but “little or nothing” had happened 
since April to mitigate anxiety. 
“The Society fears that Government policy may within the 
next twelve months or so reduce expenditure on the research and 


THE WORLD'S LARGEST airliner is the 
Soviet Tu-114, which can carry as many 
os 220 passengers on internal routes 
Of strikingly handsome appearance (see 
below), this 500 m.p.h.-plus Tupolev has 
three cabins, one of which is seen at 
far right. Typical seating capacity, 
respectively, is 41, 48 and 54. The pilot 
in the third picture is A. Yakimov. The 
lower deck—almost as impressive in 
capacity as the upper—contains galleys 
and freight stowage. Service lifts 
deliver refreshments to the upper deck 








FLIGHT, 6 December 195 


FIRST OF SIXTEEN Fairey Gannets for West Germany's Naval Air Ar; 

—a T.5 operational trainer. The other fifteen will be standard anti 

submarine machines and will be delivered early next year. The orde 

totals over £2!4 million. A flight test of a Gannet by C. M. Lambert 
reported on pages 86] and 862 


development of aircraft and guided missiles by about one-third « 
its present level, but it still hopes that these cuts will not tak 
place.” ; 

All this anxiety, added Mr. Bowyer, came at a time when the 
industry was having substantial export success. There was a 
prospect of such trade being greatly expanded; but everything 
depended on the continuance of an adequate research and develop 
ment programme. 


Prince Philip at Aberporth 


DURING a private visit last Friday to R.A.E. Aberporth the 
Duke of Edinburgh witnessed the firing of two Armstrong 
Whitworth Sea Slugs, watching from a roof-top about 150 yards 
distant from the launching-point. Other developments inspected 
by the royal visitor during a five-hour tour of the establishment 
included the newly erected launcher for the I.G.Y. Skylark. After- 
wards Prince Philip left Aberporth for Hatfield at the controls of a 
Heron of the Queen’s Flight. 


R-R. ‘*Bedstead’’ Accident 


N an accident to the second Rolls-Royce “flying bedstead” 

test rig at Hucknall on November 28 the pilot W/C. H. G. F. 
Larsen, lost his life. The company stated that the machine, which 
was being used for an initial training flight, struck the gantry to 
which it was tethered. They added that a duplicate machine is 
available to continue the tests “almost immediately.” W/C. Larsen, 
seconded from the R.A.F. to the R.A.E. Bedford, was one of a 
group of pilots being instructed in VTOL techniques at Hucknall 

At the inquest on W/C. Larsen, held last Monday, evidence 
was given that the aircraft “rose to an abnormal height” and 
came down on its side. A Naval pilot said that the machine had 
behaved quite normally during two flights which he himself had 
made that day. 


Honour for Dowty Director 


HE Simms Gold Medal of the Society of Engineers has been 

awarded to Mr. R. H. Bound, a Dowty Group director, in 
recognition of the lecture on Hydraulics in Industry which he 
delivered on November 4. On two previous occasions—for papers 
on Aircraft Hydraulic Equipment and Liquid Springs—Mr. Bound 
has received the Society’s Bessemer Premium Award 


Satellite Rocket’s Descent 


RITISH and U.S. scientists stated last week-end that the carrier 
rocket of the first Soviet artificial Earth satellite had most 
probably been burned up on descending into the denser layers of 
the Earth’s atmosphere on Sunday, December 1. The radio- 
astronomy station of Manchester University at Jodrell Bank, 
Cheshire, failed to track the rocket at any time on this date, 
although there were seven predicted orbits durin~ which this 
would have been possible. 
The last occasion on which the rocket was tracked by Jodrell 
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FIRST VICTOR in R.A-F. service is the resplendent B.] (serial number 
XA931), shown ot upper left taxying in at Gaydon after delivery on 
November 28. Seen (right) on that occasion are, |. to r.: G/C. F. R. Bird 
who has just taken over command of R.A-F. Station Gaydon); G/C. B. P 
Young (former commanding officer of Gaydon); S/L. A. W. Ringer 
captain); S/L. K. W. Rogers (co-pilot); S/L. P. J. Evans (navigator); 
F/L. J. E. Walton (bomb aimer); and F/L. H. D. Glendinning (air 
electronics officer). The Victor had flown from Radlett 


3ank was its 873rd orbit on Saturday, November 30, after which 
it was located by U.S. tracking stations up to orbit 879. While 
the presumed end of the rocket’s existence was linked with reports 
of peculiar sights in the sky above Hamburg, Berne, Los Angeles, 
Cowbridge (Glamorgan) and Douglas (Isle of Man), official Mos- 
cow sources said that the rocket was still in orbit. 

From the U.S.A. where, as we go to press, it is expected that the 
first U.S. test satellite (picture, page 888) will be launched in a 
matter of days, it is reported that the U.S.A.F. Cambridge Research 
Center has projects for three 1,000 Ib satellites. These are intended 
for orbits at heights of the order of 4,000 miles, and are said to be 
concerned respectively with geophysical measurements, solar 
physics, and “cosmic radiation and nearby planetary bodies.” 


FIRST PICTURE of the 
new-series Rolls-Royce 
Conway (see page 860) 


S/L. Duke and Fields 


ROM the Hunting-Clan group of companies comes news that 

S/L. Neville Duke is now associated in an advisory capacity 
with Field Aircraft Services, Ltd., and Fieldair, Ltd. He will be 
concerned mainly with ferrying operations and Service liaison. 

From the same source comes an interesting sidelight on the 
part which the ancillary industry plays in helping to raise British 
aviation exports to their present high levels. Field Aircraft Services 
have calculated that over the past four years the value of their 
export work represents £646 per employee. 





The Next Aircraft Generation 


p4st week, in the House of Commons, the Parliamentary and 
Scientific Committee met to discuss problems of aircraft 
research and development. Among the speakers was Sir William 
Farren, technical director of A. V. Roe, Dr. A. E. Russell, a 
director and chief designer of Bristol Aircraft, and Mr. H. G. 
Nelson, managing director of English Electric. 

Sir William Farren, declaring that “we are only at the start 
of what we can do in aeronautics,” said that unless the resources 
for research that have been built up in Government establishments 
and industry during the past twenty years were used to the full 

“we should adv ance so slowly that we should be left behind by all 
our competitors. 

Dr. Russell saw a danger that, unless substantial support was 
forthcoming to undertake the development of civil aircraft, our 
resources might be insufficient in quality and technical experience. 
Looking a few years ahead, he continued, the way was by no 
means clear, but an extensive investigation was proceeding, with 
all the major aircraft firms and the two airline corporations col- 
laborating with the national research establishments. “In the 
event of a breakthrough it could be that a solution is offered not 








MULTIPLE MUFFLERS, developed by Boeing for the 707, seen fitted 
on two of the Pratt and Whitney J57 turbojets of the prototype. Sound- 
suppressor development is being paralleled by work on reverse thrust 


at low supersonic speeds, but at speeds in excess of Mach 2 

Summing up, Mr. Nelson said that a central agency to handle 
research, development and provisioning was lacking and the 
financing of civil aircraft on a basis similar to other competitors 
in a world market was uncertain. 


Spritely Voodooism 

OUR U.S.A.F. McDonnell Voodoos flew from Los Angeles to 

New York on November 27 in times claimed to be faster than 
the record of 3 hr 23 min set up last July 16 by Maj. John Glenn 
in a U.S. Navy Crusader at an average speed of 723.5 m.p.h. 
The first Voodoo is reported to have completed the flight in 
3 hr 13 min, the second in 3 hr 10 min, the third in 3 hr 7 min 
57.9 sec and the fourth—“with a supersonic burst of speed across 
the airfield,” according to one report—in 3 hr 5 min 39.2 sec. 

Two of the Voodoos then landed, but the other two returned to 
Los Angeles. The first completed the round trip in 7 hr 12 min 
18 sec and the second in 6 hr 42 min 6.7 sec. 

The Voodoos, which flew most of the time at 40,000ft, came 
down to 35,000ft for refuelling by Boeing KC-135s. 


Russian Atomic Aircraft Plans 


AST Sunday a 165-page book, entitled Application of Atomic 
Motors in Aviation, was published by the Russian Defence 
Ministry. Giving much information on Soviet plans for atomic 
aircraft, it claims that atomic fuel will shortly be available in 
quantity in Russia and that time will show the accuracy of Western 
estimates of 1959-1960 for the first flight of an atomic aircraft. 
Two hypothetical atomic aircraft are illustrated. One is a large 
convertiplane, “capable of carrying an expedition from Moscow 
to the Antarctic in one day,” with two propellers on its swept 
wing and one at the tail, all three rotatable to provide either lift 
or thrust. The other is an atomic carrier aircraft to lift a 20-ton 
rocket to 12.5 miles. At this height the carrier would accelerate 
to 1,240 m.p.h. and launch the rocket. The first stage of the rocket, 
using 9,900 Ib of lox and hydrogen in 34 sec, would lift the 
assembly to 21.5 miles and then return to earth by parachute. 
The second stage, propelled by an atomic liquid rocket, would 
then rise to 183 miles and establish an orbit at 17,550 m.p.h. 


Lecture Notifications 


A REVISED date and place for Mr. Handel Davies’s lecture 
The Weapons System Concept is notified by R.Ae.S. 
Southampton Branch as we go to press; the paper will be given at 
8 p.m. en Thursday, December 12, in the Institute of Education 
Lecture Theatre, Southampton University. As already noted, the 
same lecture before the Boscombe Down Branch has been post- 
poned until Tuesday, December 17. 

Another lecture notification is from the Radar Association, to 
whom Mr. L. H. Bedford, of English Electric, will speak on Some 
Aspects of Guided Missiles on Wednesday, cember 11 
aay Theatre, University College, Gower Street, London, 










1901 there can have been no more splendid and enjoyable 
occasion than that of the Dinner to the Pioneers of Aviation, 
held (as briefly reported last week) on November 26th. The chair 
was taken by H.R.H. the Duke of Edinburgh. It was a private and 
domestic occasion at 119 Piccadilly, for the pioneers in question 
the guests of honour—are all members of the club. The 90-odd 
others present—all who could be accommodated—were treated 
to a rare selection of reminiscences and anecdotes in the course 
of the six brief speeches from the guests of honour, who were 
introduced in turn by Mr. S. Kenneth Davies, chairman of the 
R.Ae.C. He began by reading a telegram of good wishes from the 
Queen, who is patron of the club, and went on to say: “Tonight 
we are honouring certain outstanding pioneers, but in this room 
there are also many other such pioneers; some are ancient and 
some are modern, for in aviation we are still pioneering.” To 
Lord Brabazon he said: “No man has given greater service to the 
club . . . your life gives members a human example of the object 
of our club.” Mr. Davies expressed regret at the absence through 
illness of Sir Alliott Verdon Roe and Sir Oswald Short, and read 
messages received from them. 

First to speak was Prince Philip, who remarked that the occa- 
sion reminded him of a court martial, in which the junior officer 
got up first. But, he said, he prided himself on his R/T discip- 
line and brevity in the air and he saw no reason not to continue it on 
the ground. 

On this note the chairman sat down and prepared to listen to 
Lord Brabazon, president of the club and the first pioneer. The 
dinner, said “Brab,” was a high-water mark in the history of the 
club, which had started in a pear-drop balloon. He continued: 
“If there is one person in the world that we old fogies would like 
to see in the chair, it is the present occupant.” Had Prince Philip 
been born when the pioneers were born, Lord Brabazon felt sure 
he would have worked in early aviation and would have been 
among the “old exhibits” at this dinner. In the course of his 
speech Lord Brabazon referred to the truth of his own early 
description of flying as being “like sitting on a blancmange in a 
strong draught.” 

Sir Geoffrey de Havilland recalled the dictum that “one doesn’t 
have to be mad to build aeroplanes—but it helps.” He remem- 
bered buying his first sheds from Lord Brabazon and being allowed 
to show his engine on Sir Frederick Handley Page’s stand at an 
aero show in 1910 (and not being charged a penny). He 
also remembered seeing Claude Grahame-White trying to get 
out of Wormwood Scrubs! Today he thought one might 
attempt to build a new light aircraft and engine with £50.000- 
£100.000; in those days he could design an engine and two light 
aeroplanes for £1,000. One seldom did much stress-work; if 
something was not strong enough, it broke. 


[* all the years since the Royal Aero Club was founded in 


CONWAY 


EW aero engines are as powerful—and possibly none as econo- 

mical for high-speed flight—as the Rolls-Royce Conway. The 
following statement by the manufacturer is therefore given 
virtually in full :— 

“Rolls-Royce, Ltd., announce that the Rolls-Royce Conway RCo.11 

by-pass turbojet has completed a Ministry of Supply type-test in accord- 
ance with the combined U.S./U.K. schedule at a declared dry rating of 
17,250 Ib thrust. An official Ministry of Supply letter of approval is in 
course of preparation. A large part of the type-test was actually run at a 
substantially higner thrust figure, and at a specific fuel consumption 
believed to be lower than that of any type-tested military jet engine in 
the world. 
_ “As previously announced, the rating of the Conway for civil airliners 
is 16,500 Ib thrust, and the military test exceeds this by a satisfactory 
margin. The civil and military engines are basically the same; there are 
differences in features to suit individual installations. The military 
Conway will power the Handley Page Victor B.2. 


The Pioneers Remember 


FLIGH 


Portrayed here in th 
presence of the Duke of 
Edinburgh, are (I. to r 

Lord Brabazon, Sir Fred 
erick Handley Page, Sir 
Geoffrey de Havilland, 
Claude Grahame-White 
and Sir Thomas Sopwith 
The occasion was the 
Royal Aero Club dinner 
reported on this page 


Sir Frederick Handley Page, the third speaker, recalled inter alia 
the early opportunities in aviation. Pioneers could not get a job 
in anything else; it was gaol or the aircraft industry. He men- 
tioned “extra aerodynamical activities” by which they had since 
achieved fame and distinction. Speaking more seriously, he said 
that some thought there was nothing to be done in the future; 
but we should let people see that there were as great opportunities 
today as ever. He instanced the spirit of adventure which still 
attracted young people, as demonstrated by the greater keenness 
shown by boys for units such as the Parachute Regiment and 
the Commandos. 

Sir Thomas Sopwith (who described himself as “the baby of the 
party”) paid tributes to those pioneers who could not be present 
He spoke affectionately of Charlie Rolls (and his balloons and 
cars), Frank Hedges Butler (a founder of the Aero Club), Frank 
McClean (“virtual founder of the R.N.A.S.”), Fred Sigrist (Sir 
Thomas’s old partner) and Harold Perrin (of the Aero Club) and 
he went on to speak of others with whom he had been asso- 
ciated, naming W. O. Manning, who with Howard Wright had 
been responsible for his first two aircraft, and Cecil Malone, the 
only surviving member of the team of the Air Department at the 
Admiralty. He regretted the absence, due to ill-health, of Oswald 
Short and recalled an order he gave to the Short brothers in 1906 
to build a balloon. This was probably the first example of sub- 
contract in the aviation business. 

At this point Sir Thomas recalled “a very silly” balloon flight 
he made from Battersea gasworks. A gale was blowing and he 
was not prepared to waste the great expense of having filled the 
balloon with gas. He reached a point half-way between Bristol 
and Bath in an hour and five minutes—an average speed of nearly 
60 m.p.h. 

He contrasted the procedure of today with that of the quick- 
starting competition on the programme of one of the early meet- 
ings. With the pilot at the wing-tip, a gun was fired and a 
watch started; the propeller had to be swung and the aircraft got 
off in nine seconds. One could not do that today. 

Claude Grahame-White was the final speaker. He believed 
himself to be “the senior pioneer,” though had Sir Alliott 
Verdon Roe been present he would have been two years senior. 
Mr. Grahame-White recalled in detail the occasion of the tragedy 
in which Rolls lost his life at Bournemouth in 1910, in the course 
of the second dav’s landing competition, and mentioned others— 
Cecil Grace and Cody—before proposing that the company should 
drink to “the lost pioneers.” 

The official part of the evening was rounded off by brief 
thanks from Colonel Preston (secretary-general of the Royal 
Aero Club) to Prince Philip—“a younger pioneer amongst the 
older ones.” 


TYPE-TEST 


“Last month, the Air Registration Board confirmed that the Rolls- 
Royce Conway had successfully completed a 150-hour test run in 
accordance with the combined U.S./U.K. civil type-test schedule, at a 
dry take-off rating of 16,500 Ib thrust. 

“The Conway is lighter in weight, has a lower fuel consumption and is 
more economic to operate than competing jet engines. Conway engines 
are already undergoing an intensive flight development programme. 
Development of the Conway continues and later versions will have more 
thrust and improved fuel consumption. For operators serving tropical 
areas, liquid injection is an optional feature for the purpose of restoring 
take-off thrust under high temperature conditions. 

“The first military Conwavs are in uction, and civil Conways will 
be delivered to Boeing and Douglas in the summer of 1958. For civil 
operation the Conway has been ordered by Trans-Canada Air Lines for 
their y= DC-8s and by Air India International, B.O.A.C. and 
Lufthansa fand Varig—Ed.] for their Boeing 707-420s. The 35 Vickers 
VC-10s ordered by B.O.A.C. will also be Conway-powered.” 
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The Gannet T.5 prototype, WN.365, the author in front and Roy Morris flying from the middle seat, seen from “Flight’s” Gemini. 








HANDLING THE GANNET T.5 


By C. M. LAMBERT 


Fairey’s Twin-Turboprop Operational Trainer 


most interesting aircraft I have flown. Actual weight and 

performance figures are still classified, but the machine can 
be flown at weights approaching that of a loaded Dakota yet is very 
light to handle and without any aerodynamic peculiarities. At 
first acquaintance the controls of the two turboprop engines seem 
very complicated but in practice engine handling is perfectly 
straightforward. Above all, the approach and touch-down are 
remarkably simple. A carrier-type landing is generally made, 
flying straight on to the ground without reducing power or 
rounding out, the touchdown being completely cushioned by the 
long-stroke undercarriage. 

But first a word about the engines, because these are the key 
to Gannet flying. In accordance with Naval requirements, each 
engine of the Armstrong-Siddeley Double Mamba is a constant- 
speeding unit. In all normal flight conditions therefore the r.p.m. 
of each compressor is held constant and the pitch of the propeller 
directly connected to it is varied to absorb the power selected by 
the fuel input. But it is self-evident that at low power settings 
propeller pitch will be extremely fine if compressor r.p.m. are to 
be maintained; and if protective devices were not installed the 
propellers would form virtually a flat disc and give not only tre- 
mendous drag but blank off the tail surfaces and reduce control 
almost to nothing in the event of a runaway propeller. A flight 
fine-pitch stop 1s therefore included in the propeller controls to 
prevent them fining off below 21 deg in flight. There comes a 
point (at about 130 kt) where with power off, full compressor 
r.p.m. can no longer be maintained; but even at the stall the r.p.m. 
drop is not serious. 

For carrier landing it is essential to maintain compressor r.p.m. 
so that full power should be immediately available in case of a 
missed approach. The 21 deg stop is therefore automatically 
withdrawn when the wheels are lowered to allow the propeller 
to fine off further and maintain constant-speeding r.p.m. This 
can be overridden, if required, by a switch on the power console. 
The basic fine pitch stop is fixed at 6 deg, used for starting on the 
ground when propeller loads must be at a minimum. High 
propeller drag at low power and approach speeds is avoided by a 
flight-idle gate on the throttle quadrant. An acceleration control 
allows the throttles to be slammed open from the flight-idle gate, 
and full power follows in three to four seconds. 

The high-pressure cock levers need some explaining since they 
do a number of jobs. Each h.p. cock lever carries a button and 
has three positions: “on,” “off” and “feather and brake.” With the 


W cost incr any doubt, the Fairey Gannet T.5 is one of the 


lever on, fuel supply is open and the pressing of the button 
initiates the lighting cycle if the throttle is closed and starts the 
unfeathering pump. In the off position, the pressing of the button 
simply unfeathers the appropriate propeller. In the feather and 
brake position, propeller ieadbesion begins and the pressing of the 
button completes feathering and applies the propeller brake. In 
flight the propeller is actually held still by being taken past the 
feathering angle and being held by the airstream against a ratchet 
in the reduction gear. On the ground, casual wind-milling is 
prevented by the brake which is released by moving the h.p. lever 
from the off to the on position. 

Two further systems need description. A control in the pro- 
peller system senses any reverse torque load, i.e., wind-milling 
torque tending to drive the turbine. In case of engine failure a 
doll’s eye on the panel flickers and the appropriate propeller will 
automatically be coarsened by the feathering pump to a near- 
feathered setting—except during ground starting, of course. This 
avoids the disastrous eventuality of a propeller discing on take-off. 
In addition, an automatic j.p.t. control ensures that limiting }.p.t. 
for maximum power is not exceeded (e.g., in tropical conditions) 
by reducing fuel input to the engine. A bell and light give warning 
of this; and fuel restriction can be cut out by a switch. 

When this was explained to me at White Waltham by Fairey 
test pilot Roy Morris, with whom I flew, my mind was becoming 
as fogged as perhaps is that of the uninitiated reader, but we 
repaired to the cockpit and looked at the hardware related to all 
these systems. The fog rapidly cleared. With over 120 different 
dials and gauges, the front (pupil’s) cockpit of the Gannet T.5 is 
well filled but not confusing. There is just enough space to hold 
everything without anything being out of reach. The seat is 
reasonably comfortable and adjustable for height, and the visibility 
in all directions except rearwards is remarkably good. In fact it 
is an excellent compromise between roominess and accessibilit 
and the main instrument pane! is not obscured by the deculealiy 
retractable gun sight. Since a large number of submarine sight- 
ings are still made visually the visibility factor is most important 
and, with two forward-facing crew members and one rearward- 
facing, the Gannet offers complete 360 deg coverage. The almost 
standard blind flying panel and the majority of engine and fucl 
system indicators, together with several doll’s eyes and warning 
lights, are accom ted on the main panel. Engine instruments 
include miniature gauges for shaft horsepower, r.p.m., oil tem- 
perature and pressure, together with a dual j.p.t. gauge, reverse 
torque doll’s eyes, excessive j.p.t. lights, total /main tank gauge and 
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“Flight” photograph 


THE GANNET T.5... 


four doll’s eyes denoting fuel transfer from wing tanks to the main 


HANDLING 


tank which supplies the engines. Hook and bomb door controls are 
grouped with hood jettison, oxygen regulator and standby hydraulic 
supply selector to starboard, while undercarriage, fire extinguishers, 
inverter selectors, flap and aileron trim indicators, hood operating plunger 
and hydraulic pressure indicators are on the left. Power levers, h.p. 
cocks, elevator and rudder trim wheels, aileron trim switch and flap 
lever, are grouped on and near the power console on the left. Lighting, 
heating and ventilating controls, hydraulic hand pump and starter buttons 
are on the right lateral console. The control column is of the spade-grip 
type carrying transmit and armament switches; and the rudder controls 
are Organ-type pedals with a button controlling the powered-hydraulic 
main wheel brakes on a lateral extension outboard of each. 

Access to all three cockpits is via a two-rung, retractable ladder and a 
number of well-placed hand- and foot-holds on the starboard side. A 
folding handle works a hydraulic pump for external canopy operation. 
The climb is a long one, but not difficult. 

The crew wear seat-type parachutes and such protective paraphernalia 
as are dictated by the operating conditions. In this case Roy Morris 
and I wore flying suits, soft helmets, and parachutes. I was in front, 
he in the middle and the rear cockpit (a two-seater in the case of the 
Trainer) was empty. We had full tanks and, since I was not allowed 
to know our weight or c.g. position, I presume that these were favourably 
dispesed. I got out my check list and started the port engine as follows : 
Check flight fine — stop “normal” and j.p.t. control switch “warning 
only,” starting fuel pump switch “on,” throttle at “ground idle”: then h.p. 
cock off, press relight button to fine off the propeller pitch (visually and 
aurally checked), l.p. cock on, h.p. cock on, and finally, press appropriate 
cartridge starter button. The fuel pump started, a red light showed that 
ignition was proceeding, the cartridge fired after two seconds and every- 
thing wound rapidly up to 8,000 r.p.m. The hood slid closed under 
hydraulic power which I had earlier selected 

Windmill starting the other engine, I followed a similar procedure 
with the live engine at full power to provide the necessary wind. The 
normal complement of master, instrument and services switches was 
selected to get things running and we were all set to taxi out. There was 
slight vibration, a good strong rushing noise and a healthy looking blur 
of propeller blades a short way in a of my windscreen. Should 
anything go wrong during starting the immediate action of dropping the 
appropriate h.p. cock to “off” would secure the engine; and if one failed 
to catch, the second cartridge could be fired long before it had run down 
to a standstill again. Both engines have rae cartridge starters. 

I taxied using both rudder and brakes, noticing a remote thumping 
as the nosewheel negotiated White Waltham’s tussocky grass. During 
several taxying runs I couldn't quite rid myself of the habit of applying 
asymmetric power to turn although the concentric propellers of the 
Double Mamba of course do not help in this way. ‘or directional 
control the brakes are powerful and the wheel track is wide but, on this 
occasion, we found wheel adhesion considerably reduced by the soft 
grass. Since everything had been checked and set during starting, the 
wea checks were in this case simply trims neutral and flaps 

u wn. 

We lined up, opened up, released the brakes, and bored forward across 
the undulating surface, unstuck at about 80 kt and climbed away steeply. 
The noise level was very low, though I could imagine the familiar snar! 
that accompanies a Gannet take-off. Roy Morris demonstrated the 
21 pa stop working at 130 kt with throttles closed, then put down 
the undercarriage and showed how the turbine r.p.m. again increased to 
the constant-speed set as the 21 deg stop was withdrawn. At 115 kt 
he slammed both throttles open and in rather less than three seconds 
we had full power with a goodly push in the back. 

Feathering and relighting procedures in flight are as follows :—To 
feather, reduce power to flight idling and drop the h.p. cock to “feather 
and brake, whereupon the flame goes out and the propeller coarsens to 
a near-feathered Setting. Then press the button and the peller stops. 
To relight, check the throttle to “ground idli (to “make” a 
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Cruising on the port engine over the Thames near Reading 


starting microswitch), raise the h.p. cock to “on,” and press the relight 
button. The propeller will unfeather and begin to rotate and at 2,000 
r.p.m, the starting cycle is well on its way and the button can be 
released. At 8,000 r.p.m. the throttle is advanced to flight idle and a 
couple of seconds later to the desired power setting. Roy Morris proceeded 
to demonstrate a feathering operation to stopped propeller in seven 
seconds and a relight from stopped propeller to full power in eleven 
seconds. During the relight the reverse torque device comes into operation 
for a few moments and serves to prevent a too-fast engine acceleration, 

I was then shown the 64-dollar false move, that is to close a throttle 
to the ground idle position with the 21 deg stop withdrawn when the 
wheels are down. The affected propeller went back to six degrees and 
very high drag resulted. There was little elevator control; and when both 
propellers are in this state a round-out for landing is theoretically 
impossible. But the only time at which this characteristic might become 
bothersome is during the approach. The Gannet would drop like a 
stone if the throttles were closed to the ground idling setting, but an 
unmistakable gate prevents this happening inadvertent!y, and the build- 
up in drag as power is reduced below 100 or 200 s.h.p. is so pronounced 
that hardly any pilot would persist in reducing power. In fact nearly 
every Gannet approach is a no-cut, no round-out, arrival. 

Having demonstrated these characteristics and a landing—notwith- 
standing the no-cut technique the touchdown is remarkably smooth even 
on rough grass—Roy Morris handed over to me. I selected full flap, 
neutralized the trims, lined up and started to take off. There was no 
pronounced swing and the rudder became effective almost immediately 
The Gannet bounded gracefully off the top of a sharp hump and then 
flew itself cleanly off. There were certainly no problems here. 

With spring tabs on all three axes, the controls have a springy and 
light feel characteristic of this type of tab assistance. Elevator and 
aileron were well harmonized and light, but the rudder was a fraction 
heavier and had to be fairly carefully co-ordinated to overcome the 
directional effects of the enormous ailerons. Lowering and retraction of 
the undercarriage could be felt but caused virtually no trim change. The 
maximum extension speed, at 175 kt, is remarkably high in relation to 
the aircraft maximum speed—“somewhere between 200 and 300 kt 
Extension of flap caused a nose-up trim change related in severity to 
speed and power setting. But in no case was it excessive and only a 
fraction of the available trim range was required. In fact the trims appear 
to be designed to deal with load distribution rather than with con- 
figuration changes. Following an operational requirement which 
originated with a now-abandoned carrier-landing technique, a hydraulic 
servo changes tailplane incidence from plus two degrees to minus four 
degrees when the _ come fully down. This system has been retained 
in all production Gannets. 

I feathered and relit each engine several times and found it completely 
straightforward. Normal search and anti-submarine flying is in fact 
carried out on one engine at 130-140 kt, swapping engines at intervals; 
and in this condition the Gannet behaves just like any single-engined air- 
craft. About one division of rudder trim is needed to relieve foot loads 
and the Gannet is then light, quiet and very comfortable. I felt that a 
slight sponginess in the controls, particularly the elevator, might possibly 
make the Gannet waffle a little in bumpy air, but the autopilot would 
easily take care of this. We tried using the unit in this prototype and 
found it precise and quick and quite undisturbed by “swapping engines 
Trainers in service do not carry the autopilot. 

I tried three stalls. With the aircraft clean, pronounced tailplane 
buffet set in just above the stall, but ailerons remained effective and 
recovery was quick. Next I stalled with full flap and undercarriage and 
350 horsepower on each engine. There was no warning, one or other 
wing tended to drop firmly but recovery was normal and immediate. One 
point had to be remembered. At low-power settings when the propellers 
were in fine pitch, elevator effectiveness was markedly reduced and greater 
stick travel required. This showed up particularly strongly in a 
“fully dirty” stall with flight idling power. I could hold the nose just 
above the horizon up to the stall; and a long push forward brought us 
into the dive for recovery. Having achieved the dive I began the pull- 
out with a longish pull back on the stick. At the same time I applied 
power, the elevator immediately “bit” and hoisted the nose sharply up 
This could produce a second stall but, once experienced, allowance is 
easily made for the characteristic. ; 

Finally I made a touch-and-go and a full stop landing. I used standard 
circuit heights and procedures and chose a fairly long straight-in 
approach. Flap settings are infinitely variable and I therefore “inched’ 
them down as and when I needed more drag. A speed of 130 kt, down- 
wind, reduced almost by itself to a 100 kt final. ¢ Naval procedure 
is about 90 kt. Once “in the groove” the Gannet was completely steady 
and I just steamed in with the whole landing area spread out in full 
view ahead. ing care never to close the throttles I made smal! 
adjustments to the glide path with power and arrived on the grass with 
only a firm thump to indicate the touchdown. There was absolutely no 
bounce and no indication of whether the nosewheel touched down 
before or after the main wheels. I slammed the throttles forward and 
went round again without any untoward trim changes. The second 
approach was similarly straightforward except that I had to concentrate 
to get clear of a ht porpoising produced by fairly pronounced 
variation in elevator effectiveness when I was a little over-enthusiastic 
with power adjustments. But again the Gannet touched down exactly 
where I wanted it to. I pulled the throttles back to “ground idling” to 
achieve some propeller drag and, as the Gannet rolled on, straight as 4 
die, I applied brake and stopped. ; 

Armed with a reasonable foreknowledge of turboprop characteristics 
anyone could fly a Gannet, even though it is a fairly heavy twin; and I 
personally would not mind having a stab at a carrier landing in it. Angled 
deck and mirror sight have already made carrier landing very much easier, 
but the Gannet improves even on these aids by an ease of handling and 
excellent visibility which are quite the best I have ever experienced 
in any aircraft. 
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‘Praise from all quarters 


Admiration rrom AUSTRALIA 


Butler Air Transport Ltd., NSW, have been operating Viscount 747s for nearly 
two years. Mr. A. Butler recently expressed ‘his appreciation and admiration of 
these wonderful aircraft which have brought a standard of travel equal to the 


world’s best, to the outback people we serve’. 


@ —— Grewth wn tHE mippte EAST 


Middle East Airlines report that ‘The operation of Viscounts has enabled M.E.A 
to achieve two aims—to build up our regional Middle East Services and to 
! develop from a regional into an intercontinental carrier’. Up to 78 increases 
. in passengers carried were recorded as a result of Viscount introduction, and 
aircraft utilisations of from 7 to 94 hours a day were achieved throughout the 

summer with no serious maintenance problems. 


Praise rRom MANILA 


‘The Vickers Viscount is far ahead of anything I have experienced before’ com- 
mented an American passenger to Philippine Air Lines. In June, on the Manila 
Hong-Kong route, the Viscount payload was 89.6°, for the outward journey and 
89.3°, on the return flight. 


Satisfaction IN FRANCE 


From Air France comes a report of 19% traffic increase during 1956 on the 
London-Paris route and a 29% increase on the Swiss routes, both served by 
Viscounts. Particular mention is made of Air France’s satisfaction with its share 
of total traffic on the Viscount-operated Italian and British services. 


viexers VISCOUNT 


FOUR ROLLS-ROYCE DART PROPELLER-TURBINE ENGINES 
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CIVIL AVIATION 


DOWN WITH FARES 

N Paris and Washington are now being enacted events which 

will profoundly influence the future course of air transport. 
In Paris, whither the I.A.T.A. traffic conference repaired following 
the Miami deadlock, agreement had still to be reached,* as this 
issue of Flight went to press, on the form of the North Atlantic 
fare-structure. In Washington, the C.A.B’s General Passenger 
Fare Investigation is now in its third week. 

Unlike the C.A.B.’s hearings in Washington, I.A.T.A.’s fares 
deliberations in Paris are, as is customary, being conducted in 
the closest secrecy. The outside observer can grasp the com- 
plexity of the issues involved, but he would hesitate to predict 
how they will be reconciled. Most Atlantic operators must, by 
now, have accepted the idea of three basic fare-levels, though 
strong resistance from some of the smaller operators is reported. 
The long-term case for three classes of service would appear to be 
hard to accept; and the smaller airlines, with insufficient capacity 
to support three classes, can reasonably argue that while the 
thrift fares will generate more traffic—which the Atlantic routes 
badly need—they will also absorb most of the tourists. 

Agreement on the standard of thrift austerity should by now 
have beeen reached on food service, though the bigger airlines 
wanted everything to be paid for while some of the smaller ones 
proposed free hot meals. It was probably easier to compromise 
on this than it will be on the application of cheap-rate excursion 
fares—which, if thrift fares are accepted, will have to be com- 
pletely revised, both as to price and period of validity. 

In Washington, the U.S. domestic airlines’ shrill campaign for 
higher fares has become almost an opera bouffé, but, surprisingly 
and almost refreshingly, one airline has apparently rebelled. The 
present president of National Airlines, Mr. G. T. Baker, says: 
“When a merchant cannot move the merchandise on his shelves, 
he does not increase prices—he has a sale and reduces them. 
The airline business is in that position today. It is not selling 
the merchandise on its shelves. Certainly overall expenses in 
the airline business have increased, as they have in all other 
business. And we are still operating at fare levels set twenty 
years ago. A fare increase at this time would be most welcome, 
if it did not decrease our business.” 





*Late footnote: Subject to government approval, I.A.T.A. have 
now agreed to the introduction of thrift fares across the North 
Atlantic, at a level 13 per cent below present tourist fares, accom- 
panied by an increase in tourist and first-class fares of nine per 
cent. While the special immigrant fares will be retained, the 
15-day excursion fare will be discontinued. Standards of service 
for the new third-class of traffic do not yet appear to be clearly 
defined: seating will be “less spacious,” food service will be 
“simple.” More specifically, free baggage allowance will be 20 kg 
and no liquor will be served. While at first sight these reductions 
do not appear to usher in an era of cheap travel, it is against the 
perspective of competing ocean fares that they must be considered. 
Tourist ocean fares across the North Atlantic are increasing 
steadily, and now stand at about $200 single—only $50 less than 
the new thrift fare. It is the narrowing gap between this figure 
and the cheapest air fare which will largely determine the degree 
to which thrift fares succeed in bolstering the growth of North 
Atlantic air traffic. 


Now in Santa Monica, California, for its American certification trials, 

Napier’s Eland-Convair is seen here at Ottawa where it called on the way 

out from England to demonstrate its capabilities to the R.C.A.F. The 

trip to the U.S. West Coast was made via Prestwick, Keflavik, Goose 

Bay, Ottawa and Minneapolis—a total distance of 5,200 miles, flown 

at an average speed of 205 m.p.h. Nine Napier technicians, headed by 
chief test pilot Mike Randrup, were aboard. 











Lord Douglas, chairman of B.E.A., samples the Fairey Rotodyne VTOL 
airliner at White Waltham. The Corporation's interest in the machine 
was again referred to last week by Mr. Anthony Milward, B.E.A.’s 
chief executive ot the opening of their “Flying Business” exhibition 


FIRST STEPS TO MOSCOW? 


FTER a week of negotiations in London, ending on Novem- 
ber 26, agreement has been reached on the conditions for the 
introduction of direct services between London and Warsaw. The 
discussions were held between the M.T.C.A. and a civil aviation 
delegation from Poland, and representatives of B.E.A. and Polskie 
Linie Lotnieze Lot, the Polish national airline. It was agreed in 
principle that services should begin “not later” than April 1 
next year, and there is some likelihood that they may start a good 
deal earlier. At first services will be limited to one a week each 
in each direction, with B.E.A. using Viscount 802s and Lot II-14s. 
From London Airport to Okecie airport, Warsaw, is 913 st m. 
With services to Prague already in operation, interlinking of 
eastern and western routes is slowly becoming established. The 
most important service of all—between London and Moscow— 
still awaits political agreement. But the day may not now be far 
off; it is reliably reported that a Russian civil aviation delegation 
is expected here “in a few days’ time,” and it might well be that 
Warsaw would provide a convenient stopping point for B.E.A. 
Viscount services to Moscow. 


BREVITIES 


[LINEA AEROPOSTAL VENEZOLANA, an American source 

reports, have ordered six F-27 Friendships, and have taken 

an option on a further six. Delivery will be from November 1958. 
. . . 

Moscow radio reports that Aeroflot will use the II-18 on 
European routes from early next year. 

* ” * 

Mr. H. O. Houchen, director of current operations at B.O.A.C. 
is to resign from the Corporation at the end of the year. 

* * 7 

The Greek Government have refused Russia permission to use 

Athens airport as a transit stop between Moscow and Cairo. 
* * * 

It is reported that an order for one Friendship has been placed 
by the German firm of Helmut Horten. 

* * * 

Installation of C-band weather radar on the final and 186th 
aircraft of United’s fleet has just been made at San Francisco, 
completing a $5 million programme begun two years ago. 

. * * 

The records established in October by the Comet 3 between 
London and Khartoum at an average speed of 523.4 m.p.h. and 
London and Johannesburg at 433.93 m.p.h. have been confirmed 
by the F.A.I. 

* * * 

B.O.A.C. has placed an order with Kollsman for 19 air data 
computor units for their Comet fleet. The units are referred to 
as Kollsman Integrated Flight Instrument Systems, but supple- 
ment and do not replace the Smiths Flight System. 

* . * 

Lufthansa introduced a twice-weekly Super Constellation 
freight service on their North Atlantic routes on December 4. 
The route is Frankfurt-Shannon-New York. Other news from 
the German airline is that they have converted their five Convair 
340s to 440s, bringing the Metropolitan fleet to nine. 

. * ” 

The Lords are due to debate civil aviation on December 11. 
Lord Ogmore has tabled a motion: “To draw attention to the 
present situation in civil aviation; to ascertain the policy with 
reference to the R.A.F. Transport Command; to review the future 
prospect of long distance British civil airliners; and to request 
H.M. Government to institute an enquiry into the British aircraft 
industry as a whole.” 
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Fig. |, left, shows the private-enterprise share of the total British air transport effort. Fig. 2, right, shows how that share has been broken down into 


the various forms of business 


Cinderella Airlines 


The trend is a declining private-enterprise contribution to British air transport. 


By J. M. RAMSDEN 


A Review of Britain's Independent Air Transport Industry 





INDEPENDENTS’ U.K. DOMESTIC SCHEDULED ROUTE NETWORK 


Although geographically extensive, the independents’ U.K. network is 

not —a intensive. By comparison, B.E.A.’s domestic network 

is nearly times more intensively flown. Com j 

route-mile (1956-1957) were: B.E.A., 8,216 tons; fae ce oy an 

Heavy full lines indicate five-year approval; light full lines indicate less 

than five-year approval: broken lines indicate vehicle ferries. (The 
same annotation applies to the maps on the opposite pages.) 


NEXT week the British Independent Air Transport Association will 
publish its report for 1956-1957. Last year no report was issued, 
as there was little new to report. Are prospects any brighter, or will the 
keynote of next week's report, as in other years, be “frustration”? 


Air Transport Association, and in the past few years they 
have accounted for about 30 per cent of the total ton-mile 
production of the nation’s air transport industry.* 

As everyone knows, in 1952 the independents were given a 
so-called new deal by the new Conservative Government. The 
independents had grown up from their early post-war charter 
status, just as the Corporations—starting from virtually nothing 
—had achieved a position of strength in the international field. 
It was felt that some of the more restrictive terms of the 1946 
Civil Aviation Act could be eased to give the independents a 
bigger share of the business without undermining the 
Corporations. 

Briefly, the independents’ new opportunities were: (1) the 
operation of U.K. domestic routes which would not “materially” 
divert traffic from B.E.A.; (2) the operation of international 
scheduled services on routes not operated by the Corporations, or 
to similar traffic areas; (3) the operation of Colonial coach-class 
services along any route (including Corporation routes), pro- 
vided the service offered was of a lower class than normal 
scheduled services with respect to fares, stage lengths, passenger 
amenities and type of aircraft (the latter restriction was removed 
in June 1957); (4) the operation of inclusive tour or package- 
holiday services, provided that such services did not “materially” 
divert traffic from the Corporations; (5) the operation on any route 
of vehicle ferry services, which could also carry a limited num- 
ber of incidental passengers; (6) the operation of any route from 
which a Corporation had withdrawn for other than temporary 
or seasonal reasons; and (7) the operation on any route of 
helicopter services. 

After five years, how is the 1952 new deal working out? Is 
the nation, to use the slogan of that time, getting the best air 


f ] ‘HERE are about 20 members of the British Independent 








* The following companies are not members of B.I.A.T.A. and their 
combined results have accounted for a further two or three per cent of 
the independents’ ton-mile production: Don Everall, East Anglian Flying 
Services, Independent Air Transport, Orion Airways, Starways. 





down into 


ISDEN 


ation will 
is issued, 
wr will the 
stration”? 


‘pendent 
ars they 
ton-mile 


given a 
t. The 
charter 
nothing 
al field 
he 1946 
dents a 
ng the 


1) the 
erially” 
1ational 
ions, Or 
*h-class 
), pro- 
normal 
ssenger 
moved 
ickage- 
rially” 
y route 

num- 
- from 
porary 
ute of 


t? Is 
‘st air 





l their 
ent of 
Flying 





6 December 1957 


transport service from its Corporations and private-enterprise 
operators for the minimum cost to the taxpayer? 

This is a rhetorical question, since it presupposes that there is 
some magic formula by which Britain’s air transport industry can 
be made 100 per cent perfect, which there is not. It also pre- 
supposes that the criterion of perfection is minimum cost to the 
taxpayer, which it is not—unless the taxpayer is prepared to let 
the nation’s air commerce go by default. The present mixture of 
public and private enterprise is an accomplished, immutable fact, 
and the aim must be to encourage and regulate its elements in 
the most enlightened manner to achieve the best obtainable over- 
all results. The Corporations have been cosseted, and rightly 
so, in order that Britain’s international air transport effort could 
be at a maximum. Private enterprise could not, it was considered 
after the war, have built up from zero an air transport industry 
worthy of the nation. 

The independents have played the Cinderella réle, as they have 
been required by law to do. But they have achieved some pretty 
remarkable results from the limited business (“Big Brothers’ 
crumbs,” as some of them call it) allowed to them. 

We shall examine these results in some detail, to see where the 
independents stand today, and to assess whether past trends can 
be projected into the future. The aim is to give a general picture 
—though this necessarily involves over-simplification, and tends 
to depict the independents as being united in a battle versus the 
Corporations. In fact, though they are usually viewed as a whole 
by those who prescribe policies for British air transport’s future, 
the independents are keenly competitive among themselves, 
particularly in the contest for trooping contracts, charters, and 
inclusive tours. But with the general picture as the aim we might 
first take a look at the independents’ combined production effort 
in terms of capacity ton-miles flown) since 1952. 

Fig. 1 shows the independents’ share of the total British output 
since 1952. This share was maintained initially, but began to fall 
during the last year or so. The present trend is for their share 
to decrease: in fact, while the total British effort went up last 
year, the independents’ traffic—for the first time in 12 years— 
did not increase. Statistical evidence of this must be awaited 
until publication of the B.1.A.T.A. annual report on December 9: 
but because trooping, which accounts for nearly half the total 
traffic, is believed to have remained fairly static, and because 
published M.T.C.A. figures show declines in scheduled traffic, it 1s 
fair to guess that the independents’ total traffic did not increase. 
It may, in fact, have decreased. 

The independents must be the only air transport industry in 
the world whose total traffic is not expanding. One hears about 
the world’s declining air transport profit margins, but never of the 
static traffic growth. 

Another significant point about Fig. 1 is the small proportion 
of the independents’ effort which is scheduled. Though this pro- 
portion has increased over the years at quite a high rate, it is 
still, quite clearly, a minor part of the independents’ total business 
—less than a quarter last year (including inclusive-tours). This 
is significant because the proportion of scheduled activity is a 
measure of an air transport industry’s security and stability. 

The next step is to break down these outline results and fill 
in some details. Fig. 2 shows how the independents’ business 
was broken down into its various elements. Clearly, by far the 
most effort—nearly a half—goes into Government trooping. Next 
comes charter work, which was the independents’ original raison 
d@’étre and which still accounts for about a third of their business. 
International scheduled services are as high as they appear due 
largely to the vehicle-ferry services of Silver City, which generate 
a lot of tons, and the Colonial coach African Safari services per- 
formed by Airwork and Hunting-Clan, which generate a lot of 
miles. Clearly into proportion goes the scale of the independents’ 
U.K. domestic scheduled services, and also their controversial 
inclusive-tours. 

Although precise figures must abide publication of the 
B.1.A.T.A. annual report, Fig. 2 shows also the probable present 
forward trends of each kind of activity: except for U.K. domestic 
scheduled services and Continental inclusive tours, most forms of 
business are either static, if not actually on the decline. 

The table on the next page shows the composition of the 
independents’ aircraft fleets. Nearly 60 per cent of first-line 
capacity (small single-engined types are omitted) is provided by 
aircraft designed ten or more years ago. This fact will be 
sharply emphasized by the introduction, in little more than a 
year’s time, of higher British airworthiness standards for older 
transport aeroplanes. These requirements, and their probable 
economic effects, were discussed in last week’s Flight. They 
need not be repeated here, but they are likely to have a marked 
effect on the equipment plans of the independents. So far, 
independent orders for new aircraft have been few, as noted 
beneath the table. With traffic tending to be static, and—as we 
shall see in a moment—operating revenues apparently not yielding 
much return on expenditures—the financing of new equipment 
appears to be dependent upon finding work for the new aircraft 
to do. The smaller operators may continue to depend upon the 
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INDEPENDENTS’ INTERNATIONAL SCHEDULED ROUTE NETWORK 


International scheduled routes (above) include normal scheduled ser- 

vices, mainly from the U.K. provinces; Colonial coach services; and 

vehicle ferries. Below, inclusive-tours have proved an effective method 

of getting British holidaymakers into the air. 1.T. business has almost 
doubled itself every year since 1952 
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Notes: Single-engined aircraft and helicopters are not shown 


This table gives the independents’ fleet at November 


1957. (ec) D.H. Dragonfly, (b) Oxford 


The Independents’ Shopping List : Hunting-Clan, 2 Britannia 310; Airwork, 2 Viscount 736s to be leased from Fred Olsen; Fison-Airwork, 2 Twin Pioneers; Eagle 


2 Viscount 805s; Transair, 1 Viscount 804 
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used-aircraft market, and competition is likely to be keen for the 
more efficient types as they come up for sale. But the dilemma 
with which the independents as a whole are faced—the imposition 
of economic penalties upon their existing equipment, and insuf- 
ficient new business to justify the purchase of more than a few 
modern aircraft—can only, it seems, be resolved by a marked 
change in the conditions under which the independents operate 

To revert to traffic for a moment, it is enlightening to break 
down the total ton-mile results into their two main components 

passenger-miles and freight ton-miles—and to compare these 
over the years with the Corporations’ figures. The result is 
shown in the chimneys in Figs. 3 and 4. The immediate impres- 
sion conveyed by these pictures is that the independents have been 
carrying about the same number of passenger-miles as B.E.A., and 
nearly three times as many freight ton-miles. They have achieved 
this with a total employment (currently between 5,000 and 6,000 
which is only half B.E.A.’s (10,000 to 11,000). 

If the independents wanted to boast about their efficiency they 
might reasonably draw attention to this remarkable fact, but they 
would have to clarify it carefully by pointing out that some of their 
engineering work is subcontracted, and that because the bulk of 
their work is not scheduled (as shown by Fig. 1) they do not need 
the large traffic staffs, station personnel and commercial depart- 
ments which an international scheduled airline like B.E.A. must 
have. About 6,000 of the Corporation’s staff are employed in 
traffic and commercial departments, and at stations down the 
routes. But the discrepancy in employment when related to out- 
put is so large that a comparison is not unjustified. It might be 
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added that the independents’ total employment figure, when con 
sidered as a whole in this way, would be even less if adjustment 
were made for the duplication of staffs between one airline and 
another. 

The maps on the previous pages show the route-networks of 
the independents. The impression they give is of large-scale 
operations; but while they do indicate that the independents’ 
geographical scope is not so limited as people may have been 
led to believe, they cannot be compared with the Corporations’ 
route-networks in terms of frequencies, traffic-densities or dura- 
uons of approval. 

As is well known, applications by British airlines to operate 
routes are approved (as shown in the maps) or rejected by the 
Ministry of Transport and Civil Aviation on the recommenda- 
tions of the Air Transport Advisory Council. The unenviabie 
terms of reference of this seven-man advisory body, which last 
year dealt with 428 applications, are “to reduce the cost of air 
transport to the taxpayer, and to give greater opportunities for 
private enterprise to take part in air transport development, with- 
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The DC-3 is the oldest and most numerous type operated by the independents. 










Despite more stringent operating requirements in a year's time, 


it will be a money earner for a long time to come. The Viscount is at last established in British private air transport service: the picture shows 
an Airwork-operated Viscount (leased from Hunting-Clan) down the African Colonial coach “Safari” route. 


out in any way impairing the competitive strength of the Corpora- 
tions’ international air services.” 

Most independents will not concede that the “greater oppor- 
tunities for private enterprise” have been created; yet there is a 
growing feeling in Corporation quarters that the independents 
have been “impairing the competitive strength” of their services. 
In particular, the big expansion in the independents’ inclusive- 
tours—the cheap package-holidays on the Continent which are 
promoted by the travel agents—is, in B.E.A.’s view, now 
“materially diverting” traffic from the Corporation. 

Before we quote B.E.A.’s observations on this subject it is 
worth recording that although inclusive-tours form a very small 
part of the independents’ business (see Fig. 2), they have increased 
enormously since 1952. The average annual rate of increase has 
been nearly 100 per cent; last year’s growth, subject to the publica- 
tion of B.1.A.T.A.’s figures, was possibly more than this compared 
with the previous year. Inclusive-tours have really tapped the 
mass air travel market in a manner which has proved beyond doubt 
the tremendous response of the public to low fares. Unfortunately, 
by their very nature, I.T.s are highly seasonal, keeping the 
independents’ aeroplanes employed for only three or four months 
of the year. As one independent airline’s managing director puts 
it: “You can’t justify the purchase of expensive new aircraft just 
for inclusive tours and seasonal work. There has to be a bread- 
and-butter line of business with capacity left over for some 
inclusive-tour jam in the season.” 

Small though the proportion of I.T. business is, it is really 
booming—to an extent which led B.E.A. to say in their 1956-1957 
annual report: 

“We informed the Air Transport Advisory Council in 1955 that we 
would not oppose applications for independent operators for inclusive- 
tour services at weekends during the summer months. The volume of 
these services to the main Continental holiday centres has, however, now 
grown far beyond the scale which could be regarded as economically 
helpful in dealing with peak traffic demands. The size of the problem 
is reflected by the proportion of the total summer traffic between the 
U.K. and the Continent carried by independent operators on inclusive- 
tour services. In the summer of 1956 they carried 27 per cent of the 
total air traffic to Spain, 15 per cent to Switzerland, 17 per cent to 
Northern Italy, 18 per cent to France (excluding Paris) and 21 per cent 
to Munich and Austria. In our view these operations have caused 
material diversion of traffic from B.E.A.’s services.” 

B.E.A. went on to refer in similar terms to certain Colonial coach 
services. They said: “So far as Colonial coach services to Cyprus 
and Gibraltar are concerned, no doubt some ‘new’ traffic has been 
generated, but we do not believe the services are ‘dependent’ upon 
it. In fact, we believe diversion of traffic from our own services 
has resulted.” 

It was unusual for B.E.A. to express these opinions publicly, 
because they can and do lodge such objections to the Air Trans- 
port Advisory Council, which considers, under its terms of refer- 
ence, the allocation of new routes and their effect upon the 
Corporations. There seems to be a growing strain upon the 
machinery responsible for the smooth co-ordination of British air 
transport. Inclusive-tours have generated a new class of British 
traffic, most of which wou!d not otherwise have flown. Is it being 
suggested that this traffic should be turned away? 

But before coming to any conclusions about this, we might 
glance again at the independents’ U.K. domestic route-network, 
most of which is operated in association with B.E.A. The map on 
the previous page shows the essentially provincial character of the 
routes; the heaviest inter-city traffic routes are operated by 
B.E.A. It is the independents who bring air transport to most of 
the lesser (in terms of traffic-potential) provinces, and these services 
are operated to the mutual advantage of both Corporation and 
independents. For example, B.E.A. have operating agreements 


with Cambrian Airways and Jersey Airlines designed to provide 
feeder services for the B.E.A. network. B.E.A. also have interline 
agreements with 17 independents, ticket interchange agreements 
with ten, and engineering agreements with seven. 

Now B.E.A. lose heavily on their domestic routes—to the tune 
of nearly £1.4m last year. The success of these routes to B.E.A., 
and their usefulness to the community, depends, in the long-term 
view, upon a lowering of fares. At between 4d. and 5d. a mile, 
domestic air services are costlier than the competing highly- 
developed and increasingly-efficient surface wansport; yet the 
Corporation, for the second time in a year (and having forecast a 
£1m profit for the current year) is to increase domestic fares by up 
to ten per cent—on some services by up to 25 per cent. 

There is no authority whose duty it is publicly to challenge the 
sense of this. Obviously, B.E.A. do not lightly increase fares; but 
the impression gained by those who want to see British air services 
expand, and brought within reach of more people, is that short- 
term measures which are not in the long-term interest of the 
operator or the public are being too easily implemented. The same 
basic economic principles apply to U.K. domestic services as to 
international services; and it was a lowering of fares in Europe 
(when tourism was introduced in 1953) which put B.E.A. on a 
sound economic footing. 

There seems to be something amiss with a system which on the 
one hand allows B.E.A.’s international effort to be sapped by 
domestic losses, but which on the other hand denies long-term 
commercial security to the independents. There is no escaping the 
fact that most domestic routes, because of their present low 
average traffic-densities, do not pay; if they did, there would have 
been independent offers to take them over. But a self-supporting 
domestic air transport system will not be achieved by a policy 
which says “If services lose, raise the fares.” Such a system can 
only be achieved by a fares policy which promotes traffic, and by 
a route policy which intensifies that traffic, so that—exploited by 
the right aircraft—the system can be made to pay. At the moment 
there is no authority whose express terms of reference are to direct 
the nation’s domestic air transport towards these ends, no execu- 
tive authority whose object is to create the conditions in which 
the indepandaans can, by an expansion of the existing systems of 
associated services, be given an opportunity to take over more 
domestic routes. 

Such an arrangement need not undermine B.E.A.; rather would 
it strengthen that Corporation's international effort. It would not 
therefore meet the political resistance which appears inevitably to 
confront any other kind of independent expansion, a point to which 
we shall refer in our conclusions. 


Typifying the independents’ biggest source of business is this Skyways 
Hermes 4, embarking troops (in mufti), for garrisons in the Far East. 
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But we must first consider the really basic question—how are 
the independents faring financially? Though there have been 
numerous mergers and regroupings over the past 12 months,* 
there have been no liquidations, and indeed there have been two 
newcomers (Orion and Independent) to the ranks. Therefore, the 
substance of independent complaints about the low-revenue nature 
of their business needs to be examined 





1955-56 | Est. tYP.| 

















Type of revenue Total 
rvice L.T.M.s |rate per! revenue 
oe mil’ns. | 
! | "| OFM. | 
| | 
Trooping | 53.8 | 30d | £6.725m 
Charter and | | 
contract } 35.3 36d £5.300m 
| i 
International | | 
scheduled | } 
services 
Colomal-coach 6.1 | 45d £1.145m 
Normal scheduled } 
service | 64 | 62d | £1.650m 
Vehicle ferry | 46 | 42d | £0.805m 
| 
Domestic scheduled | | | 
services 31 54d | £0.700m 
’ 
Inclusive tours | 25 | 35d | £0.365m 





Total traffic revenue (round figures): £17 million 








Whereas Fig. 2 on page 864 shows how capacities were dis- 
tributed between the various types of service, the table above 
shows how, in the year 1955-56, those capacities were filled 
they show, incidentally, an overall load factor in that year of 
71 per cent). Typical estimated revenue rates per load ton-mile 
ure shown also in the table, and these yield the approximate actual 
revenues earned by each type of service. 

The above table does emphasize the low revenue-rates of the 
business. The overall figure for independents’ revenue rate works 
out at about 36d per load ton-mile. By contrast, B.E.A.’s overall 
revenue rate in 1955-56 was about 64d, and B.O.A.C.’s was about 
62d 

Though the table gets near to the heart of the matter, it is 
incomplete inasmuch that it does not indicate the profitability of 
each kind of work. For example, trooping may not yield much 
revenue per load ton-mile, but it is not so costly to operate as 
are, say, international scheduled services. Trooping guarantees 
utilization of aircraft, does not have to be “sold” in the commercial 
sense, does not suffer from seasonal peaks, or from fluctuating 
‘oad factors, and so on 

We attempted to assess costs versus revenue for each kind of 
activity, but abandoned the attempt for want of detailed informa- 
tion. For obvious commercial reasons, individual firms are very 
secretive about their operating costs. But, as shown in the table, 
t appears that the independents’ total revenue for 1955-56 
amounted, in round figures, to about £17 million. 

In order to have profited from this revenue it is apparent that 
the independents’ costs must have been no greater than 25d per 
capacity ton-mile. For comparison, total operating costs per 
C.T.M. in 1955-56 for B.O.A.C. and B.E.A. were 38d and 41d 
respectively. 

The independents’ costs are known to be much lower than those 
of the Corporations. Their low station costs is a major factor 
behind this difference in cost levels. Another is the longer period 
used by the independents for the depreciation of their aircraft. 
Nevertheless, it would be surprising if the independents’ costs 
were much lower than the 25d per C.T.M. we estimate. Our 
conclusion is that, considered as a whole, the independents did not 
show a large profit in the year reviewed. It is, in fact, more likely 
that they hardly broke even. Assuming that the cost figure was 
of the order of 30d, an actual loss of about £3 million would have 
been incurred. 

From subsequent trends in the independents’ traffic growth, 
ind the general rise in costs, it appears almost certain that, as a 
whole, British private enterprise air transport is not making much 
money. Some firms, of course, are recording profits, but some— 
perhaps the majority—must be in the red. 

In trying to assess exactly which companies are winning and 
which are losing, the researcher runs into many difficulties. No 
company publishes statistics as detailed as those issued by the 
Corporations. The majority publish no statistics whatever. The 
smaller companies are privately owned and have no legal obliga- 








* The British Aviation Services group bought the Lancashire Aircraft 
Corporation on December 12, 1956; Manx Airlines in August 1957; 
md Dragon Airways in March 1957. Airwork acquired Transair in 
August 1956. 
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tion to provide more than the most rudimentary financial details. 
Only a few of the larger companies lodge their annual accounts 
in the files of Bush House. Most of these larger companies are 
substantially financed by shipping lines (British Aviation Services 
group by P. and O.; Skyways by Bibby Line; Airwork by Blue 
Star and Furness Withy; Hunting-Clan by Clan Line Steamers 
Capital resources in the case of these companies are considerably 
greater than is shown in published accounts. 

The financial picture is further obscured by the fact that many 
of the independent companies, in addition to the operation of air 
transport services, perform a diversity of other functions such as 
aircraft engineering, aircraft sales, pilot-training and aerial survey. 
But because of its financial backing, the independent section of 
the British air transport industry is limited not so much by lack 
of capital as by lack of opportunity. If the political environment 
was more encouraging there should be little difficulty in financing 
the procurement of new equipment for the exploitation of lucrative 
services. 

We referred earlier to the political resistance which confronts 
independent expansions. As B.E.A. said in their 1956-57 annual 
report: “Competition with British independent companies presents 
special problems because relations between the Corporation and 
independent operators inevitably seem—however much one regrets 
it—to attract political attention.” 

This is the real root of the independents’ problem. Last summer, 
for instance, the Minister accepted the A.T.A.C.’s recommenda- 
tion that the independents should have a 30 per cent share of total 
thrift-class traffic between U.K. and Africa—the traffic which the 
independents, with their Colonial coach services, have pioneered. 
The sequel was a threatened strike by the Corporation’s workers 
This was the expression of something deeper than labour versus 
capitalism; it was evidence of the firmly established political struc- 
ture of British air transport. So was the financial arrangement last 
spring between Central African Airways and B.O.A.C., on terms 
which Hunting-Clan, who made the first commercial bid for 
C.A.A., could not have afforded. 

There is no doubt that any proposals to give private enterprise 
a bigger share of the expanding international traffic would, in the 
face of this evidence, appear to be quite unworkable, unless private 
enterprise was prepared to come to terms with the Government 
The words “come to terms” mean more than a readiness (which 
already exists) to associate with the Corporations operationally 
The independents cannot progress by hammering away at the 
political resistance which is the biggest bar to their progress. This 
has proved futile even under a Conservative Government; it would 
be even more futile under a Labour Government, should one take 
office by 1959. Nor can the independents progress by consolida- 
tions and mergers, without first creating the right political condi- 
tions for progress. 

These are hard facts, and they are difficult to reconcile with the 
private enterprise of men who, after the war, gambled their money 
on a surplus aeroplane or two and went on to build efficient airlines 
out of hand-to-mouth charters. But they knew the terms of the 
Civil Aviation Act, they accepted the chosen-instrument status of 
the Corporations, and they have, incidentally, earned about a third 
of their combined revenues from Government contracts. 

They now have to consider whether to compromise with the 
political circumstances they at first accepted, but which now 
constitute an impasse to further progress. 


CONCLUSIONS 


& The independents’ share of British air transport has been about 
30 per cent in the past: this share is now declining, and their 
total traffic now appears to be static. 


Scheduled—i.e., secure—activities are small—about one-quarter 
of the total independent effort. 


Main activity, in terms of load and revenue, is trooping, followed 
by charter work. 


Nearly 60 per cent of the first-line aircraft capacity is more than 
ten years old, and will be penalized by more stringent airworthi- 
ness requirements in 12 months’ time. 


+ Independent inclusive-tour business, though a small proportion 
of the overall traffic, is booming, to an extent which B.E.A. believe 
is diverting traffic from them. 


2 The machinery for co-ordinating U.K. domestic and international 
air transport appears to be inadequate to cope with the require- 
ments of expansion. 


Total independent revenues in 1955-56 are estimated to be about 
£17 million, and their average revenue rate 36d. per L.T.M. 


Achievement of only a small profit on revenues would have 
required a cost level of about 25d per C.T.M., a cost which is 
unlikely to have been less. Hence overall profit, with increasing 
vosts, must be small, though capital resources are large. 

_ The main obstacle to independent expansion, especially if a 
Labour Government takes office in 1959, is political: the inde- 
pendents have to consider whether to come to terms with the 
Government in order to create the right political conditions for 
further progress. 
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* The Miles M.100 Student Jet Trainer combines the full basic training role under world- 
wide conditions with unsurpassed economy of procurement, operation and maintenance. 
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“Flight” Annual Review of the World’s Guided Weapons 


The field of missile development—for 
the waging of war, or in pursuance of 
peace—is broadening so rapidly that 
he who attempts to survey it must 
ensure that none of his information 
is more than a few weeks old at the 
most. Exactly one year ago this journal 
published its first appraisal of the 
world’s missiles, a review in which the 
Technical Editor offered all the infor- 
mation that could be revealed without 
causing breaches of security. In the 
following pages, thanks to the addi- 
tional facts that have become available 
during the past twelve months, the 
same writer has been able to deal with 
a much wider range of weapons. 

It is remarkable that the suppositions 
and beliefs expressed in our previous 
review have without exception been 
supported by hard fact based on 
experience, and that almost all the 
weapons described hereafter exist as 
actual “hardware.” Nevertheless, this 
does not mean that they are all fit for 
service; far from it. Once a weapon has 
been built it may take two to three years 
and perhaps several hundred experi- 
mental and development firings to 
reach the service-acceptance stage; and 
from there to actual employment with 
a “user” will probably take as long 
again. It follows that the drawing 
offices and project-study groups of the 
world’s major guided-weapon coun- 
tries have already forgotten much that 
is contained herein and are looking far 
ahead to devices that may seem fan- 
tastic even to those engaged in their 
development. Already the Soviet Union 
has shown in the past few weeks that 
technical accomplishment in this ex- 
tremely challenging field is by no 
means the prerogative of the U.S.A. 
or even of what has become known as 
“the West.” 

A few words of explanation are 
required before turning to the review 
itself, which starts overleaf. Every 
weapon of note of which the external 
appearance is publicly known is illus- 
trated by a line drawing. These draw- 
ings are not to scale, although each is 
geometrically accurate. The data pub- 
lished beneath each is carefully 
qualified where doubt exists as to its 
authenticity, and in several cases only 
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Boost-separation of an Armstrong Whitworth Seaslug missile for the Royal Navy. 


estimated figures are given. Boost- 
motor systems for launching weapons 
are indicated by a mechanical tint 
applied to the drawings—a feature 
which is much in evidence in the first 
of these drawings overleaf. This first 
drawing, like most depicting anti- 
aircraft missiles and all showing tail- 
standing ballistic weapons, is printed 
vertically. 
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Interception of a Firefly target by a Seaslug surface-to-air weapon 


Armstrong Whitworth Seaslug Surface-to-air 


motors, internal sustainer motor 


ARMSTRONG WHITWORTH As one 
f the principal members of the Hawker Sid- 
deley Group, Armstrong Whitworth have for 
many years been the Group’s principal arma- 
ment company and they became involved in 
the development of guided weapons shortly after 
World War 2. The company’s first task was 
the production of liquid-propellant rocket 
motors for a large number of experimental 
vehicles. In 1948 the company formed an 
Armaments Division, and when the Royal 
Navy decided to place a development contract 
for an anti-aircraft guided-weapon system 
sarlier association with the company led them 
to turn to A.W.A. The resulting weapon, 
named Seaslug, is a large missile which, in 
view of its naval application, has required an 
exceptional amount of effort by a number of 
ompanies in order to bring it to its present 
near-operational state 

rhere have been many stages in its develop- 
ment, and a typical early test vehicle was 
exhibited at the recent S.B.A.C. Show. This 
vehicle was illustrated on page 330 of our 
August 30 issue and the internal disposition 
of its principal components was revealed in a 
secuoned drawing on page 444 of our issue of 
September 13 

Although of typical British configuration in 
having a cruciform of wings, and a second 
cruciform of control surfaces at the rear, Sea- 
slug is normally indexed with all aerodynamic 
surfaces at the 45 deg position and the draw- 
ing shows the weapon from this angle. Both 
wings and controls in the test vehicle were of 
rectangular form, both being built up from 
spars and chordwise members pressed from 
sheet and transmitting aerodynamic loads to 
the main anchorages at the roots. The cylin- 
drical body was manufactured from light alloy 
and the bulk of its length was carefully profiled 
to form integral tanks for the liquid propellants 
nitric acid and methanol), which were fed by 
free pistons initially located near the c.g. and 
pumped outwards by gas pressure supplied 
from a generator in the nose. All propulsion 





system ~iping was contained within the body. 
The car vered rocket chamber was regenera- 
tively co and provided with automatic con- 
trol throu sequence of valves and solenoids 

These i-propellant development rounds 





Overall length, about 20fr 
about 16in; wing span, about 63in; control-surface span, about 63in 
performance data restricted 
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Four wrap-round boost 
body diameter — 
Weights and 
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vere launched by four wrap-round boost units, 
each consisting of two or three motors strapped 
together and faired at their forward ends by 
pointed nose-wedges providing aerodynamic 
lift to swing the boosts clear at burn-out. As 
the contemporary GPV, Thunderbird and 
similar missiles employed but eight boosts, one 
could assume that the twelve required by the 
A.W.A. round conferred higher acceleration 
for naval purposes; alternatively the weapon 


itself may be heavier than its land-based 
counterparts. The overall boost system is 
exceptionally neat; unlike other British 


weapons, the boosts are mounted on the fore- 
body, thus obviating the need for boost fins 
and ares a particularly compact overall 
envelope. 

In company with other weapons, Seaslug has 
now reverted to an I.C.I. solid sustainer motor, 
presumably employing a cast charge of the 
type previously exhibited. This change, particu- 
larly beneficial to ship-board weapons, does 
not seem to have resulted in appreciable 
shortening of the rear body, so the motor tube 
must be fairly long. Another major change is 
a switch to the employment of boost units each 
consisting of a single motor of very high thrust. 
The four barrels appear to be connected by 
forgings, and their blunt noses are approxi- 
mately in line with the tip of the nose of the 
missile body 

Full details may not be published concern- 
ing the guidance of Seaslug, but it is known 
to be a beam-rider. Chief guidance and con- 
trol sub-contractors are G.E.C. and Sperry, 
and both these companies have borne a con- 
siderable part of the overall effort. Other com- 
panies which have been named include John 
Thompson Conveyor Co.; Sir Geo. Godfrey 
and Partners; Vickers-Armstrongs, Ltd.; 
Metropolitan Vickers, Ltd.; McMichael Radio, 
Ltd.; E.M.I. Engineering Development, Ltd.; 
and Imperial Chemical Industries. 

An official statement reads as follows: “Sea- 
slug is the medium weapon which is designed 
to engage any enemy bomber which evades 
the fighter defences of the Fleet. It will do so 
at any height which modern aircraft are capable 
of flying. The weapon has been developed by 
the Ministry of Supply and has been tested at 
Aberporth in Wales and Woomera in Australia. 
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At Aberporth trial firings were made for t! 
Clausen Rolling Platform, which is a mock- 
of part of a ship’s structure and capable 

simulating all the conditions of roll and pit 
likely to be encountered at sea. 

“Seaslugs are fired from a triple ran 
launcher which is automatically fed from 
magazine below decks. The vast majority 
firings which have been carried out at 
from H.M.S. Girdle Ness, the Navy's gui 
weapons trials ship, have been successful. Ta 
gets are detected at long distances by rad 
and plotted accurately for range, height ar 
bearing. This information enables any partic 
lar aircraft to be selected as the target for t! 
missile. Using this information the missi 
guidance and control system positions t) 
weapon launcher, and the operator determin 
when to fire the missile, without even seeing 
the target. The Admiralty directed the develo; 
ment of all seaborne equipment, apart fror 
the missile itself. This includes the launcher 
magazine handling gear, radar and associated 
weapon direction and control equipment.” 

During recent months firing trials have bee 
very satisfactory, and live targets have beer 
successfully engaged. Quantity procurement is 
to be made and the first operational installa 
tions will be on the four guided weapon 
destrovers which are now under construction 
These ships will be essentially enlarged 
developments of the Daring class. Meanwhile, 
the A.W.A. factory at Whitley has been com- 
pletely reconstructed, and is now one of the 
finest guided-weapon facilities in the country 


AVRO This company, like Armstrong 
Whitworth a member of the Hawker Siddeley 
Group, is the prime contractor for the stand- 
off bomb which will become operational with 
R.A.F. Bomber Command as a major part of 
the V-bomber weapon systems (certainly for 
the Vulcan and Victor). The task of develop- 
ing such a weapon is very great, but at present 
no details of the chosen configuration may be 
revealed nor of the present status of develop- 
ment. It is pertinent in this context to refer 
readers to the article beginning on page 891 
The company’s Weapon Research Division 
were permitted to exhibit several items of 
“hardware” at the recent S.B.A.C. Show, and 
these give an indication of the breadth of the 
company’s programmes in basic research. 


BRISTOL Shortly after World War 2 
the Bristol Aeroplane Company _ started 
investigations into the guided-weapon field 
and this private work soon changed to officially 
sponsored development for the Ministry of 
Supply. The M.o.S. suggested an alliance with 
Ferranti, Ltd., and for many years the two 
companies have been equal partners in the 
development of the Red Duster* (Bloodhound 
weapon system 

This exceedingly advanced ground-to-air 
system is very highly developed, and to it are 
committed four Bristol and two Ferranti fac 
tories which together employ “the largest work 
force in Europe devoted to such a purpose.” 
As we described in detail in our August 30 
issue, the Bloodhound weapon itself is really 
a small aeroplane of extremely high perform 
ance, fired from a zero-length launcher by 
four solid boost motors, cruise propulsion be 
ing provided by a pair of 16in Thor ramjets by 
Bristol Aero-Engines, Ltd. The airframe 
which is manufactured by Bristol Aircraft in 
Cardiff, is of very advanced form and has an 
outstanding two-axis control system effected by 
a pair of pivoting wings which can move either 
together or in opposition. The only other 
aerodynamic surface is a horizontal tailplane 
the incidence of which is fixed. As the draw 
ing shows, the cruise motors are mounted 
above and below the body, and each is fed with 
kerosine supplied by turbopumps fed with 
ram-air from an intake adjacent to that of 
each main engine. 

Ferranti have handled the major part of the 
electronic and guidance effort. e¢ Blood- 
hound has semi-active homing with a receiver 
dish in the nose of the missile picking up 
reflected radiation from the target while the 
latter is illuminated by a powerful ground 
radar. Irrespective of target evasion, the 

loodhound computer automatically follows the 
optimum trajectory for a collision course. The 
entire weapon system has been fully developed 
for operational service and should prove most 
reliable and trouble-free. Several hundred 











* Aviation Week, September 30. 
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Bristo! Bloodhound (Red Duster) Surface-to-air 
Four wrap-round solid boost motors, two Bristol Thor 
ramjet sustainers. Overall length, 25ft 3in; body 
length, 22ft 2in; wing span, 9ft Jin; body diameter, 
21in. Weights and performance data restricted 


development rounds have been fired in the 
development of the propulsion, guidance and 
other components, and the complete Blood- 
hound is now in production as the standard 
home-defence missile operated by the Royal 
Air Force. The launcher is made by M.L 
Aviation 

No information may be published concern- 
ing possible developments of Bloodhound. It 
is, however, pertinent to record that Bristol 
Aero-Engines have exhibited the BRJ-801 
ramjet, which is very much more powerful 
than Thor and has a diameter of 18in. More 
than 200 Bobbin twin-engined test vehicles 
were fired in the development of the earlier 
powerplant, backed up by extensive testing in 
the company’s high-altitude test plant which 
an simulate altitudes up to 90,000ft 


DE HAVILLAND PROPELLERS One 
wf the three associated companies of the de 
Havilland Enterprise in the United Kingdom, 
ie Havilland Propellers, Ltd., became involved 
in guided-weapon work in 1951. In that year 
the company received a contract from the 
Ministry of Supply for the development of a 
compact turbo-alternator to meet electrical 
power requirements of missiles developed by 
other companies. In the same year a second 
ontract was received for the development of 
an infra-red homing head (on which early 
work had already been carried out at the 
R.R.E., Malvern). When these contracts had 
been successfully completed the M.o.S 
awarded the company a development contract 
for a complete weapon system for an air-to-air 
missile with infra-red homing guidance. Origin- 
ally scheduled under the project designation 
Blue Jay,* this weapon is now popularly named 
Firestreak 

Firestreak is of the usual “British” con- 
figuration, with cruciform wings and rear- 
mounted control surfaces indexed in line with 





* Aviation Week, September 30 


On the right is illustrated o complete Bristol/ 
Ferranti Bloodhound surface-to-air weapon, 
standing on its zero-length launcher. The 
shape of the pivoting wings is noteworthy 
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de Havilland Propellers Firestreak (Blue Jay) Air-t 


tr 


diameter, 8.67in. spar 29.4in; span of cor 


{ wings 


each other a cylindrical body. The sharp! 
pointed nose is built up from eight optically 
flat segments of material very transparent to 
infra-red radiation—probably some form of 
glass resistant to high temperature and abra- 
sion. Inside is the homing head, in the develop- 
ment of which Mullard (one of whose directors, 
Dr. F. E. Jones, read a paper on infra-red, 
summarized in our issue of November 23, 
1956) were brought in as sub-contractors, 


although de Havilland Propellers handled a 
very high proportion of the overall work them- 
selves. In fact, virtually the only parts of 
Firestreak not designed and engineered by de 
Havilland Propellers are the warhead and the 
rocket motor 

The guidance and control system operates 
precision actuators which are apparently 
mounted ahead of the wings and move the 
control surfaces through rods carried outside 
the main body in four fairings. Each of the 
four wings is machined from a solid piece of 
light alloy and has a strong root flange through 
which axial rows of bolts attach the surface 
through the control fairings to the main body 
The control surfaces are relatively smal] and 
are pivoted near mid-chord to a strong ring 
surrounding the propelling nozzle. The solid- 
propellant charge must be disposed close to 
the centre of gravity (just aft of the leading 
edge of the wings) and connected to the pro- 
pelling nozzle through a motor tube. Around 
the latter is arranged a large toroidal air bottle 


which supplies all control and accessory 
energization. It seems fairly clear that Fire- 
streak is an all-pneumatic weapon. Numerous 
D.H. Propellers missile accessories have 


recently been revealed; these were described 
in our issue of September 13 (page 445) and a 
further article on turbo-alternators appeared 
in last week’s issue. 

An account of the early development trials of 
Firestreak was published in our issue of May 3 
last. So far as one can gather, the overall 
trials-programme has been satisfactory, and 
the missile has certainly been fired from a 
variety of aircraft at Aberporth and Woomera 
Many the trials at the latter range have 
employed the Avon-Sabre as the carrier, and 

this aircraft not being designed to carry 


of 


lid sustainer motor. Length, 10ft 5.28in; body 
Weights and performance data restricted 


air. S 
s, 19.1in 


guided weapons—D.H. Propellers have evolved 
4 neat package for the “aircraft” part of the 
Firestreak weapon system which fits a stream- 
lined container under the Sabre fuselage. It 
is thus possible to convert any modern fighter 
to carry Firestreak in a matter of hours. In 
R.A.F. and R.N. service the weapon is carried 
on a standard pylon fitted with a non-expend- 
able shoe through which pass the leads for 
hot and cold air and electric current. 
Overall effort on the Firestreak is shared 
between all the U.K. plants of de Havilland 
Propellers. Hatfield is responsible for design, 
research and development; Lostock manufac- 


tures a proportion of the weapon (the 
remainder being sub-contracted) and is also 
responsible for assembly and testing; Farn- 


worth carries out manufacture and assembly 
of development rounds; and a large new fac- 
tory at Walkden is nearing completion and 
will handle all production assembly. The three 
last-named facilities are all in the neighbour- 
hood of Bolton, Lancs 

Although no official announcement has yet 
been made to this effect, it seems fairly obvious 
that de Havilland Propellers is one of the 
prime contractors for the intermediate-range 
ballistic missile which is being developed in 
this country against M.o.S. contracts. Late last 
year a large steel structure was erected at Hat- 
field, and it is clearly employed in the cold- 
flow testing of an IRBM fuel system. No 
details of the weapon itself have yet been made 
public, but according to Aviation Week its 
development has been entrusted to three prime 
contractors; our American contemporary 
announces that “de Havilland Propellers appar- 
ently is the prime contractor on the IRBM 
programme and is building the airframe, with 
Rolls-Royce doing the rocket-engine work 
under a technical assistance agreement with 
North American Aviation, Inc., and Sperry 
developing the guidance system. Only static 
testing of the missile will be done at Hatfield.” 


ENGLISH ELECTRIC For more than 
eight years the English Electric Company has 
been one of the principal British guided-weapon 
contractors. The Company’s guided-weapon 
division was formed in March 1949 for general 
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research on behalf of the Ministry of Sup; 
with broad terms of reference. In the followi 
year a development contract was placed for 
complete weapon system for a land-based a 

aircraft weapon. Initially operations were cx 
ducted at Luton Airport in small premi 
formerly occupied by the Napier Flight D 
velopment Establishment, but English Elect 
now have a large establishment of their owr 

Luton, and since 1952 have operated an ad 
tional guided-weapon factory at Stevena 
Herts. Stevenage is now handling the b 
of the G.W. division’s development a 
engineering effort. 

By far the most important project 
undertaken is the surface-to-air weapon syst« 
originally known Red Shoes* and n 
named Thunderbird. It is the first of its kis 
be ordered by both the Arn 


as 


in Britain to 
and the Royal Air Force. 
The missile itself is of classical 


“British” 
configuration with cruciform wings and rear 
control surfaces and wrap-round boost motor 
Initially the body was truly cylindrical, wit! 
a high fineness-ratio and a constant diame 
Early in the development it was decided 
sweep back the leading edges of the wings 
45 deg to alleviate aeroelastic problems and 
acute taper was also incorporated in the cor 
trol surfaces. All the early development rounds 
had liquid-propellant sustainer motors by 
D. Napier and Son, Ltd. (a member of the 
English Electric Group) and four pairs of solid 
propellant boost motors. The liquid sustainer 
motors have now been developed into the 
Napier Double Scorpion aeroplane boost 
engine which recently set the new world alti 
tude record for aeroplanes of 70,310ft (and 
believed to be destined for use in English 
Electric’s P.1 supersonic fighter). 

It was early decided that a liquid sustainer 
was not suitable for service in the field; and, 
when major advances in the efficiency of solid 
fuels were made a few years ago, a solid sus- 
tainer was specified for Thunderbird. To 
obviate c.g. problems it is usual to place the 
propellant charge for a solid motor as close 
as possible to the c.g. of the missile. The hot 
gases are then taken to the propelling nozzle 
through a motor tube of relatively small dia- 
meter. In order to minimize the length of the 
motor tube, the solid sustainer in the Thunder- 
bird has a relatively short after-body. This in 
turn has led to a substantial increase in the 
size of the four control surfaces, in order to 
preserve their effectiveness when operating on 
the reduced moment-arm. In addition, the 
body diameter is increased by almost Sin in 
line with the wings, thereafter returning to its 
original value at the trailing edge. Only four 
boost motors are now fitted. They occupy the 
peripheral spaces left between the adjacent 
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*Aviation Week, September 30 


A de Havilland Propellers Firestreak infra-red air-to-air weapon mounted beneath the port wing of a Venom night fighter during development trials 
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of Sup; pairs of wings and control surfaces. When the 
1e follow; boosts burn out, air drag causes the four inter- 
laced fi locked motors to slide backwards in their 
‘based a locating sockets on the missile body. At.the 
S Were rearward limit of their travel the front anchor- 
ui prem ages are released and the aerodynamic load 
Flight I yn each boost nose-cone causes all four motors 
ish Elect to pivot about the rear socket until that also 
heir owr releases, each motor being kept steady by its 
-d an ad large fixed fin. When the boosts have gone 
Stevena the front sockets are sealed by small doors 
z the b approximately 2in square 
ment Thunderbird is a semi-active radar-homing 
missile, obviously with a receiver aerial located 
TOject at the front of a guidance package mounted 
,0ON syst within the large dielectric nose-cone. Large 
and r fairings presumably carry control-system equip- 
of its ki ment down each side of the body around the 
the Arr rocket motor and also provide anchorages for 
the four wings. These fairings suggest that 
“Britis! the Thunderbird missiles seen so far are late- 
and re type test vehicles and not the final weapon 
st Motor which has presumably been re-engineered 
tical, wit Light alloy is widely used throughout the 
diametx structure, the various body sections being cen- 
lecided 1 trifugal castings joined together by screws and 
wings b bolts. The wings and control surfaces are all 


of trapezoidal section and are machined from 
the solid 

Some hundreds of test vehicles have been 
fired at Aberporth and Woomera since 1952, 
and a number of these have been recoverable 
rounds equipped with air brakes and a series of 
parachutes at the rear end of the body. Some 
xf these rounds have been dropped from Lin- 
coln aircraft to prove the recovery system, and 





orld alti others have been fired from the ground at 
lOft (and Woomera with the four boost motors but with- 
Englist out a sustainer. The company has the largest 
team of any of the U.K. contractors in Aus- 

sustain tralia. English Electric has evolved a com- 





plete range of supporting devices, including 
of solid ground check-out equipment, launchers and 
olid sus- carrier vehicles. The launcher, shown in the 
ird. Tr photograph, is lifted by a single hydraulic ram 
to permit the missile to leave at any angle up 
to 90 deg. It is of the zero-length type, the 
The hot missile standing on a rear base plate (through 
which all ground services are taken) and a pair 


eld; and, 


“4 vl 
Se dite. of pivoting arms at the front which engage 
h of the with lugs on the lower pair of boost_motors. 
hunder The first production contract for Thunder- 
This in bird was announced in the spring of this year 
» in the yn behalf of the British Army; a second pro- 
der to juction contract was placed at the beginning 
atine on vf September on behalf of the Royal Air Force. 
on, the Personnel of both Services have for many 
Sin months undergone training courses with 
ig to its English Electric and the complete weapon 
sly four system is now in full production. The system 
upy the has been planned to ensure reliability under 
arduous operational conditions and to mini- 


diacent mize the problems of maintenance by replace- 
ment of packaged components. No details of 
the developments of Thunderbird may be pub- 
lished, but it is logical to deduce that such 
developments exist. 


FAIREY This famous aviation company 
can probably claim to have been in the missile 
business longer than any other firm in the 
British industry, since a guided weapon for 
the destruction of Japanese kamikaze attackers English Electric Thunderbird semi-active homing surface-to-air weapon mounted on its zero- 
pines es = ~ =< ~—— yt . - length launcher. This photograph clarifies the position and shape of the control surfaces, 
—— S eel sonar af coaheanamial VTO. eee which in the drawing below are masked by the large stabilizing fins on the four boost motors 

ther projects before embarking in 1949 on 
studies in the field of air-to-air weapon 
systems. 

From these early studies the company 
evolved the first British guided weapon to pass 
its acceptance trials; according to an American 
publication the weapon was originally known as 
Blue Sky, but to the world at large it has become 
famous as the Fireflash. The weapon system 
comorises a fighter aircraft fitted with a pencil- 
beam radar, a gun-sight, a simple “permission- 
to-fire” computer, a number of missiles and 
various aircraft-to-missile services 

As the drawing shows, the missile has an 
unusual configuration in that it comprises an 
unpowered dart which is accelerated to maxi- 
mum speed by two solid-propellant boost motors, 

> which are jettisoned immediately after burn-out 

_ leaving the round to coast for the remainder 
of its flight. During the boost phase the cruci- 
form control fins are locked, and the unguided 
missile is spun about its longitudinal axis by 
the offset nozzles of the boost motors to mini- 
mize dispersion due to asymmetric thrust. At English Electric Thunderbird (Red Shoes) Surface-to-air. Four wrap-round boost motors, solid sustainer 
boost-separation the control surfaces are un- motor. Length (with or without boosts), 18ft 10.5in; body diameter, 20.75in over centre section (25.5in with 
locked and the weapon is roll-stabilized to a wing fairing); span of wings, 66.75in; span of control fins, 63in. Weights and performance data restricted 
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Fairey Fireflash (Blue Sky) Air-to-air 
burn-out (no sustainer). Overall length, 9c 3.75in 
across wing cruciform, 28.11in 

cruciform of boost fins, 23.63in 


A Fairey Fireflash beam-riding air-to-air weapon being loaded on to a 
Hawker Hunter fighter by its ground-handling and lifting trolley 


datum established at the launching. As soon 
as the roll error comes within specified limits 
the missile centres itself in the coded radar 
beam from the launching aircraft, and there- 
after remains within the beam while the latter 
is held on the target by the pilot of the fighter 

As the radar beam 1s accurately harmonized 
with the axis of the pilot's gun-sight it follows 
that the only significant guidance error is that 
due to the aim-wander of the pilot/aircraft 
combination in tracking the target. Experience 
has shown that this factor is well within accept- 
able limits and the mean of many hundreds of 
firings has been less than the lethal distance 
of the proximity-fuzed warhead. Development 
trials were carried out on two-seat Meteors 
with the missiles carried at the tips of the 
wings. An underwing pylon has been success- 
fully employed on the Hunter, and Fireflash is 
at present in full R.A.F. service with a squad- 
ron of Swift 7 fighters based at Valley. 

An unusually full description of the missile 
itself was published in our issue of August 16. 
The rear body consists of an extruded and 
forged tube in a magnesium-ziconium alloy, 
into which is slid a two-rail chassis carrying 
the internal equipment. The motors are 
separated by a twin-piston unit containing 
0.6 Ib of cordite which is ignited when both 
charges are all-burnt. Control and guidance 
equipment includes a 3,000 Ib/sq in air bottle, 
lateral accelerometers, an air-blown gyro 
assembly (a roll-displacement gyro and two 
rate gyros), the electronic receiver and power 
supply, the aerial assembly and the servo motor 
which positions the control fins. Design and 
development of all this equipment was handled 
by Fairey’s Weapon Division, manufacture of 
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Twin solid boost motors 
body length 
control-surface span, 17.97in 
Weights and performance data restricted 
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ettisoned after 
89.05in; span 
overall height across 


certain items being sub-contracted; two com- 
panies which should named are Plessey 
receivers) and Ekco (fighter radar). 

Fairey have over the years built up a most 
experienced team and a comprehensive range 
of environmental testing facilities with which 
a complete weapon system can be developed 
It is not yet possible, however, to describe the 
project upon which their efforts are at present 
employed. 


SHORT BROTHERS AND HARLAND 
For nearly six years this company’s Precision 
Engineering Division has maintained a Guided 
Weapon Department at Castlereagh, near Bel- 
fast. Their first assignment was the respon- 
sibility of developing and manufacturing the 
valuable GPV (general-purpose vehicle) which, 
although superficially somewhat similar to the 
Folland RTV-2, is of later conception and has 
performed sterling service in the development 
of all aspects of guided-weapon systems (par- 
ticularly those of the surface-to-air variety) 
and large numbers of rounds have been 
delivered. At the recent S.B.A.C. Show a sec- 
tioned GPV was displayed, incorporating a 
radar homing system designed and built by 


the Guilded Weapons Division of Elliott 
Brothers (London), Ltd. An accompanying 
picture shows a GPV actually striking a 


spherical target suspended from a balloon. 
Very few details have been revealed con- 
cerning the SXA.5, but a specially prepared 
exhibition round has been publicly shown. In 
configuration the device comprises a cylindrical 
body with a fattened, square-section mid-por- 
tion carrying a cruciform of moving wings to 
provide control in pitch and yaw. At the rear 





is what seems to be a solid-propellant motor 
and a cruciform of fixed fins, of the same span 
as the wing cruciform and indexed at 45 deg. 
In construction the wings follow aircraft prac- 
tice, there being a single wrapped-sheet acro- 
foil riveted to up and root ribs and along the 
trailing edge. The fins were each riveted to 
a cylindrical casting provided with holes to 
admit air to cool the motor nozzle. Each fin 
had a mounting for a flare. 

As exhibited, the device was labelled “round 
number 225” and it was carried on a pivoted 
base, locating with the motor outlet and four 
fins and leaving the weapon cantilevered at 
about 45 deg to the horizontal. The official 
description of the SXA.5 is “a multi-purpose 
surface-to-air test vehicle.” Its configuration 
is such that the performance must be lower 
than that of other surface-to-air weapons and 
it very likely has radio command guidance. It 
would, therefore, seem to be intended for 
operations at relatively short range, possibly 
including surface-to-surface rdéles. 


VICKERS-ARMSTRONGS (AIRCRAFT) 
This famous aircraft company entered the 
guided-weapons field seven years ago and they 
have been working on operational weapon 
systems ever since. During this time they have 
tackled some challenging problems, and it is 
most unfortunate that, through no fault of 
their own, none of their products has yet been 
permitted to reach the production stage. 

Their first major assignment from the 
Ministry of Supply was a 1950 development 
contract for a guided bomb, or air-to-surface 
weapon, intended to be matched to the Valiant 
and possibly other aircraft. The initial work 


Below, left, is the only photograph yet cleared for publication of the firing of a Short SXA.5 “multi-purpose surface-to-air test vehicle.” The flame 
from the internal motor can be seen, together with small tracking flares. The two small pictures below depict the impact of a Short-built 
GPV (with homing radar) upon a small metal sphere suspended from a balloon. 

















Short and Harland SXA.5 Surface-to-air. Unstated means of 

propulsion. Overall length, as depicted, 77.2in; body diameter 

9.Sin; span of wings, 31in; span of fins, 31in. Weights and per- 
formance data restricted. 
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Leaders in Parachute development 

— G.Q. are designers of supersonic recovery 
parachutes, the performance of 

which has been shown in practice to relate 


closely to the theoretical design. 


G.Q. PARACHUTE CO. LTD. STADIUM WORKS - WOKING - SURREY 











Variation of Drag Area with 
Mach No. 
Performance curve for G.Q. 


Supersonic Parachute. 


Telephone : V/OKING 2277 
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Left, Vickers-Armstrongs 888 (Red Dean) launched by a Canberra; right, developing firing of the Vickers-Armstrongs Type 891 from an 


experimental launcher 


on this much-needed device had already been 
done at the R.A.E., and Vickers were brought 
in to manage the programme with specific 
responsibility for airframe design and evolu- 
tion of certain systems. Principal sub-con- 
tractors for guidance and control were E.M.I. 
and Smiths. In the following year work began 
on a second major project, a pilotless bomber 
powered by a Rolls-Royce turbojet and with 
guidance by Ferranti. 

By 1952 the work had grown to such an 
extent that a Guided Weapons Department 
was formed at Weybridge. For five years this 
department has maintained a large and 
balanced team for the design, research and 
development of a complete weapon system, 
including environmental testing and flight 
trials. Attached to the G.W. Department is a 
facility for the manufacture and development 
of pre-production rounds. It is worth com- 
menting that the company’s engineers have, 
largely through force of circumstances, con- 
ducted a very great deal of research into such 
fields as reinforced-plastic construction and 
printed circuitry, and they have also designed 
and built an analogue flutter simulator. 

Late in 1952, the Ministry of Supply 
requested Vickers to undertake the complete 
responsibility for a very advanced air-to-air 
weapon known as Red Dean. This missile 
was intended to be matched with advanced all- 
weather intercepter aircraft such as the “thin- 
wing Javelin development,” and it accordingly 
carried a high development priority and 
absorbed a major part of the available Vickers 
design effort. The Vickers project number 
was 888. 

As the drawing shows, the weapon has a 
classical British configuration with a long cir- 
cular-section body carrying cruciform sets of 
wings and controls indexed in line with each 
other. Compared with Firestreak the weapon 
has control surfaces of higher aspect ratio and 
greater area, and they are clearly mounted 
on an actuating ring passing around the rocket 


Vickers-Armstrongs Type 891 Surface-to-surface 
Solid sustainer motor. Length, 32.25in; body diameter 
4.5in; wing span, 11in; weight of weapon in carrying 
case, with optical tracking sight and cable, 35 to 40 Ib 


motor tube joining a solid sustainer charge to 
a propelling nozzle. Control fairings can be 
seen extending down the sides of the body in 
line with the wings and control surfaces. 

As far as one can gather, Red Dean is the 
largest air-to-air missile to have reached an 
advanced stage of development. Its size indi- 
cates either that it has a relatively short range, 
poor guidance and an exceedingly large war- 
head or, alternatively, a long range and very 
sophisticated guidance. Of these two alterna- 
tives the latter seems much more likely, in 
view of the fact that the missile was intended 
to accomplish difficult all-weather intercep- 
tions. Vickers had reached an advanced state 
of development in the summer of last year and 
had prepared all the ground gear, loading 
trolleys and checking systems. The weapon 
itself had completed an appreciable part of its 
initial air-firing trials, and was frequently seen 
under the wings of Canberras operating from 
Wisley. Nevertheless, it was decided to dis- 
continue development for several reasons, chief 
of which was the cancellation of the develop- 
ment contract for its carrying aircraft. Can- 
cellation of Red Dean finally took effect in June 
of this year. 

About eighteen months ago the Guided 
Weapons Department were in the unhappy 
position of watching all their officially spon- 
sored projects collapsing like a house of cards, 
and it was decided that the logical thing to do 
would be to find a good project which could 
be embarked upon as a private venture. Anti- 
tank problems had already been examined at 
Weybridge, and the company decided to 
develop a multi-purpose weapon capable of 
being carried by a foot soldier and used against 
armoured vehicles and possibly other “hard- 
skinned” targets. The philosophy governing 
the development of this weapon was deter- 
mined by what a man on a battlefield can carry 
in one hand. It has clearly enforced upon the 
Vickers designers extremely simple guidance 
and control, and the minimum warhead capable 

















Vickers-Armstrongs Type 888 (Red Dean) Air-to-air, Internal sustainer motor. Length, 16ft lin; body 
diameter, 12.5in; wing span, 45in; span of control surfaces, 45 in. Weights and performance data restricted 


In operational service the 891 will be fired from its carrying case (“Flight,” September 13, p. 449) 


of destroying the heaviest armoured vehicles 

The Vickers infantry anti-tank weapon is 
known as Type 891 and its existence was 
revealed three months ago. The basic round 
consists of a conical nose housing various alter- 
native types of warhead (some of which are 
highly likely to have a hollow charge) deton- 
ated by a contact fuse. The rest of the body 
is a cylinder formed from wrapped metal sheet, 
and the rear part houses a rocket motor charged 
with a smokeless solid propellant supplied by 
I.C.I. Lift and control is provided by a cruci- 
form of wings, each of very low aspect ratio 
and apparently fabricated from solid reinforced 
plastic material. The rear part of each wing 
is hinged to control the flight of the weapon. 
The complete round is carried in a box, which 
in production will probably be manufactured 
from glass fibre and will provide full protection 
against rough usage. When the infantryman 
has found a target he opens the box, points it 
in the direction of firing and sights on the 
target through an optical viewer resembling a 
pair of binoculars with a pistol grip. The viewer 
is attached to the weapon-box through a short 
cable, and the round is fired by a trigger in 
the pistol grip. During the launching the 
missile is initially restrained by a lug engaged 
with a rail along the top of the inside of the 
box, and thereafter is controlled by command 
guidance transmitted through a thin wire un 
wound from a coil inside the box. The very 
small span facilitates steering the weapon down 
roadways, under telephone cables and through 
thinly wooded areas without hitting obstruc- 
tions, and the optical command guidance 
should be extremely accurate once the opera- 
tor has gained some experience. 

Development of the 891 is approximately 
50 per cent completed. The overall programme 
has moved exceptionally rapidly, partly owing 
to the experience of its designers and partly 
owing to the simplicity of the weapon system 
Most of all, however, the rapidity of develop- 
ment has been due to the fact that the com- 
pany have had freedom of decision without 
disruption through incessant change of speci- 
fication. The weapon has not yet been adopted 
by the British Army, but is obviously being 
planned to meet all requirements for such 
weapons, and it should find a ready market 
throughout the world. 


Australia 


SINCE the vast Commonwealth of Australia 
accommodates the principal centre for guided- 
weapon testing outside the U.S.A. and U.S.S.R., 
it is logical that that continent should undertake 
the development of a complete weapon system 
The first such system which can be publicly 
referred to is an anti-tank weapon with the 
aboriginal name Malkara. Designed to a British 
Army requirement, the Malkara is being de- 
veloped at the Government Aircraft Factories 
in Melbourne (by essentially the same team as 
that which produced the Jindivik) in associa- 
tion with other organizations and the Weapons 
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Research Establishment. One can probab! 
assume that Malkara will be a larger weapon 
than the Vickers 891, since the latter wa 
l agapi 


planned to fill existing system 


Canada 


Sparrow II This air-to-air weapon 
leveloped from the original Sparrow I family 
by Douglas Aircraft, who matched it particu- 
larly to the FSD Skylancer naval intercepter 
When the latter was terminated the weapon 
also was cancelled 

In 1956 the Canadian government selected 
Sparrow II as the future air-to-air weapon of 
the R.C.A.F., replacing the defunct Velvet 
Glove (see our 1956 review Avro Aircraft 
vere appointed system manager, with Canadair 
building the airframe, and Canadian Westing- 
house, at Hamilton, given the responsibility 
for guidance. It was unofficially reported in 
the U.S.A. nine weeks ago that the programme 
was held up pending a decision on the type of 
guidance to be used; the American weapon had 
active-homing radar, with Bendix-Pacific prime 
ontractor for this portion 


New A.S. Weapon It was unofficially re 
ported in April that the Canadian Armament 
Research and Development Establishment 
have designed and developed a new homing 
torpedo intended for air launching against sub- 
marines. It is stated to be scheduled to be 
ssued to the R.C.A.F. and R.C.N. very shortly 


was 


France 
AIR-TO-AIR 


Matra R.S10 In several ways this weapon 
is most unusual, yet it has successfully passed 
its final acceptance trials and is in the pre- 
production stage. Guidance is based upon sig- 
nals from an auto-director photocell, mounted 
behind a window in the extreme nose with a 
field of view within a 20-deg cone, which 
senses luminous contrast and fixes the angular 
co-ordinates of the target. The subsequent 
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Nord 5$.103 Air-to-air. Solid sustainer motor, the 

first portion having greater thrust and providing 

boost propulsion. Length, 98.4Sin; span, approxi- 

mately 36in; firing weight, 280 Ib; burn-out speed 

quoted as Mach 1 in an official table, but actually 
Mach 1.7; maximum range, 4,375 yd 


Left, above: Maruca; upper right: Nord 5.103 under the wing of an Aquilon (Sea Venom 


naval fighter 


system, energized by a 27-V battery, incor- 
porates an autopilot in which are sensing units 
for speed and angular acceleration, an elec- 
tronic group finally combining the signals from 
the auto-director photocell with the accelero- 
meter readings and amplifying the resulting 
guidance in several stages. The final stages 
teed the servos which actuate the canard fore- 
plane and the rudder beneath the rear body 

Propulsion is provided by a two-stage solid- 
propellant motor, the first stage being a high- 
thrust boost charge. Lift is obtained from a 
rear-mounted wing with dihedral, and certain 
types of 510—there are numerous superficially 
different versions—have twin rear stabilizing 
fins. The warhead, which is detonated by a 
proximity fuze, has an explosive charge of no 
less than 66 Ib; it operates by the projection 
of fragments in a plane normal to the major 
axis of the missile. The R.510 has been ex- 
haustively tested from Meteors, Canberras and 
other aircraft, and two or four can be carried 
bythe Mystére, Trident and Vautour on under- 
wing pylons. Production rounds are delivered 


A development Matra R.510 (M.510) air-to-air weapon carried by a Meteor N.F.11. 





Matre R.510 Air-to 
providing boost pro; 
dihedral), 39.4in; firvr 
49, 200ft 


¢ sustainer motor, the first portion having greater thrust and 
Length, 10ft 5.9in; body diameter, tin; wing span (10 deg 

374.8 Ib; burn-out speed, Mach 2; altitude limits, 9,800 to 
maximum range, 8,750 yd. 





The latter weapon is unusual in being devoid of aerodynamic controls 


in two portions (one containing the motor and 
warhead), packed in environment-proof 
containers 


Nord 5.103 With the Matra R.510 this 
weapon is the most highly developed air-to-air 
system in France; and it is similarly of a rela- 
tively early conception. Guidance is effected 
by radio command, the launching aircraft 
having a transmitter for pulses which are coded 
to permit several aircraft to control their own 
missiles without confusion and without great 
risk of enemy jamming. The controller actu 
ally has a small control column, like a drone 
“beep box,” with which he keeps the 5.103 
aligned on its target. Control is effected solely 
by deflecting, or masking, the jets from the 
twin motor nozzles. 

During its flight the missile is slowly turned 
about its longitudinal axis by the alignment 
of the cruciform of very swept wings. The 
whole configuration is very reminiscent of that 
of the 5.210 (S.S.11) by the same firm. Pro- 
pulsion is by a two-stage solid motor, the first- 
stage charge giving quick acceleration up to the 
steady cruising speed. The 5.103 can have 
either a training head or, by a simple change- 
over operation, a warhead with a very heavy 
charge. Detonation is effected by a proximity 
fuze, and a self-destructor is fitted should the 
miss-distance be too great. The missile is in 
pre-production for intercepters of the French 
Air Force and Navy and could be readily pro- 
duced in great numbers. 


AIR-TO-SURFACE 


B.B.10 At present this is the only air-t 
surface missile in the French armoury whi 
may be publicly described. Developed chiefly 
by Sud-Aviation, to form part of the weapor 
system for the Vautour and Super Vautour 
attack aircraft, the B.B.10 is quite a larg 
weapon with a warhead charge of some 400 It 
At the rear is a smokeless solid sustainer moto 
and a cruciform of fixed fins with an annula 
surrounding shroud. Guidance is effected b 
radio command from the launching aircraf' 
which can apparently “see” the target from 
the optical window in the nose of the weapon 
possibly by a television link. The trajectory 
controlled by a cruciform of fore-planes. 


Sud Aviation B.B.10 Air-to-surface. Solid sustaine 

motor. Length, about 11ft; span of rear fins, abov 

32in; launching weight, probably more than 900 !b 
performance data restricted. 
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SURFACE-TO-AIR 


Malafac Now under intensive develop- 
ment for the French Navy, Malafac is a high- 
performance ship-to-ship bombardment weapon 
launched from a ramp by an S.E.P.R. tandem 
boost with four large fixed fins. No details of 
the configuration of the weapon itself may be 
published 





Maruca Shown in an accompanying photo- 
graph, this D.E.F.A. device is performing two 
important functions for the French Navy; it 
is Serving as the test vehicle in the development 
of numerous airborne components destined for 
the Masurca, and it is acting as a training 
missile in such subjects as ground-handling, 
storage, firing and tracking. A photograph 
shows it in a configuration with four finned 
boost motors (which do not accelerate it be- 
vond Mach 1 The configuration is that of 
1 small aircraft, and tracking flares are carried 
yn the wing tips 

Masurca Under this designation the French 
Navy are developing a ship-to-air weapon 
system “destined to be the chief defensive 
weapon of naval craft against aircraft of very 
high performance.” No details are available 


PARCA The name of this well-known 
anti-aircraft weapon is formed from the initial 
letters of its function: projectile autopropulsé 
radioguidé contre avions The overall pro- 
gramme for this weapon began at least seven 
years ago, under the direction of the Army 
Chief of Staff (Etat-Major); development has 
been managed by the D.E.F.A. (Direction des 
Etudes et Fabrications d’Armément). Most of 
the work has been done at Verdon, Versailles, 
Puteaux and Bourges 

Superficially, PARCA could be called a cross 
between Nike Ajax and Thunderbird. It has 
the delta wings and canard foreplanes of the 
American missile, matched with the four wrap- 
round boosts of the British system. Construc- 
tion is quite conventional, the body being 
assembled from light-alloy cylindrical sections 
and the wings being machined from solid 
The boost motors are S.E.P.R. solid charges, 
each case having a swept stabilizing fin and 
falling clear individually. Sustainer propulsion 
is effected by a liquid-propellant motor, almost 
certainly an S.E.P.R. acid/kerosine unit 

A French report describes the guidance in 
the following terms: “A tracking radar follows 
the target aircraft and continuously directs the 




















PARCA Surface-to-air. Four wrap-round solid 
boost motors, liquid-propellant sustainer. Length 
with boosts, about 18ft; body length, 16ft 8.5in; span, 
63in; firing weight, about 2,200 Ib; burn-out speed, 


Mach 1.7; maximum altitude, 82,000fr. 












™ 


— —_— 


Nord 5.210 (S.S.11) Surface-to-surface 

and air-to-surface. Length, abou 48in 

span, about 26in; firing weight, about 

40 Ib; cruising speed, 435 m.p.h.; range 
up to 3,830 yd 





Nord 5.203 (S.S.10) Surface-to-surface 
and air-to-surface. Solid sustainer motor 
Length, 33.86in; span, 29.53in; firing 
weight, 33 Ib; cruising speed, 186 m.p.h 
maximum range, 1,750 yd 









































A Nord 5.210 (S.S.11) wire guided missile carried by a Dassault Flamant aircraft 


elevation and azimuth of a remote-control fir 
ing ramp ahead of the target. This reduces the 
amount of manoeuvring which the missile has 
to perform, and so gains precious seconds 
Upon firing . . . the four boosts accelerate 
the weapon and are jettisoned. The PARCA 
is tracked from its launching point and aligned 
with its target by radar command. Two direc- 
tion-finders are employed to measure the 
angular co-ordinates of the target and missile, 
and keep these parameters in the proper rela- 
tionship until the weapon is near enough to be 
detonated by its proximity fuze.” 

PARCA’s brochure performance is insuffi- 
cient for it to be quite effective against modern 
aircraft, and Mr. James Hutchinson, M.P., 
claimed recently at Vernon: “It cost £10m to 
develop a weapon which seemed to me almost 
identical to a weapon produced by us two or 
three years before.” This is perhaps slightly 
unjust, and PARCA is, in any case, only the 
first of a family of weapons. It is coming into 
French Army service 


$.8.10 Developed from the earlier $.S.9 
S.S Sol-a-Sol, surface-to-surface), the 

S.S.10 (Nord 5.200 series) is one of the smallest 
and cheapest guided-weapon systems in the 
world, and it is the only system outside the 
U.S.A. and U.S.S.R. to be widely used by 
actual operational formations. It is virtually 
the pioneer wire-contro! system of the German 
X-4/7 matched to a very simple and well- 
engineered tactical weapon system for use by 
light aircraft, helicopters or foot soldiers 
against armoured vehicles or other hard- 
skinned targets a 

Chief constituents of the S.S.10 are a cylin- 
drical body, with an ogive nose and an un- 
tapered rear-portion containing a smokeless 
solid rocket sustainer. There is a cruciform of 
wings (which, owing to the low flight velocity, 
are relatively large), and the flight of the 
missile is controlled by twin wires unwound 
from bobbins within the weapon, through 
which pass electrical command signals from an 
observer, who keeps the clear rocket flame 
aligned with the target. The aerodynamic con- 
trol is effected by small spoilers on the trailing 
edges of the wings. The weapon spins slowly 
about its longitudinal axis. 

For training purposes, the Nord 5.202 has 
an inert warhead, and costs approximately 
$915. The operational 5.203, costing about 
$970, has a shaped charge capable of piercing 
up to 400 mm of armour, the complete warhead 
and all-ways impact fuze weighing about 11 Ib. 
Warhead and missile-body are packed separ- 
ately and are assembled in the field by pinning 


three simple latches. The carrying case pro- 
vides protection against all climates, and serves 
as the launcher when the weapon is operated 
by infantrymen. 

With a little experience an operator can 
expect to obtain about 80 per cent hits at 
ranges between 400 and 1,600m (984 to 
§,248ft). During manocuvres at Mailly last 
summer 61 S.S.10s were fired under repre- 
sentative operational conditions, scoring 86 per 
cent hits, and as high as 90 per cent has been 
recorded by the French Air Force. Both these 
services use the weapon in great numbers, the 
monthly production rate being about 400 to 
500 rounds. Sweden and Western Germany 
also use the S.S.10, and during the Suez cam- 
paign it was successfully employed by Israel 
against Egyptian armour 


ENTAC In all essentials this weapon is 
similar to the Nord 5.200 series, and is simi- 
larly designated §.S.10. It is, however, manu- 
factured by the D.E.F.A. and not by private 
industry. The name is formed from Engin 
Tactigue Anti-Chars 


S.S.11 A logical extension of the S.S.10 
system has resulted in this much improved 
weapon. Preliminary studies stemmed from 
basic surface-to-surface evaluations of the 
earlier system, but the S.S.11 is now a highly 
flexible device capable of being fired from any 
ground position or any aircraft with a reason- 
ably low speed. 

The missile of the $.S.11 system is the Nord 
5.210 (there is as yet no government-built 
D.E.F.A. counterpart). In detail this weapon 
is completely different from the more rudimen- 
tary 5.200, the motor having twin nozzles on 
either side of the body and control being 
effected by interference with the two jets to 
give asymmetric thrust. The rear body and 
control system are in many respects similar to 
those of the 5.100 series of air-to-air weapons 
by the same manufacturer. Training and opera- 








Sud Aviation $.E.4.200 Surface-to-surface. Two 
solid boost motors, integral ramjet for cruise propul- 
sion. Wing span, 7ft tin; approximate length (exclud- 
ing boosts), 10ft; launching weight, 660 Ib; cruising 
speed, about Mach 0.9; ultimate range, about 74 miles 











tional missiles of the S.S.11 series cost about 
$1,370 and $1,510, respectively. Final accept- 
ance trials and general indoctrination is being 
cted by a combat unit in North Africa 
Already the 5.210 is in production for the 
French Navy and it is to be exported to several 





$.S$.2 This is the latest family of small 
tactical weapons to come from the S.N.C.A.N 
and D.E.F.A. It is reported to be basically an 
improved §.S.11 equipped with radar guidance 
Le., no wires The weapon system is con- 
sidered potentially suitable for surface-to- 
surface and air-to-surface use (like its pre- 
decessors) and also for air-to-air operations 


Sud-Aviation S.E. 4.200 Developed dur- 
ing the past seven years by the S.N.C.A. du 
Sud-Est (now Sud-Aviation), the 4.200 is a 
unique cruise-type, winged, air-breathing bom- 
bardment weapon, now coming into limited 
use with the French Army. Despite its moder- 
ate (subsonic) performance, it is powered by 
an integral ramjet, burning kerosine contained 
in internal tanks. A large, high-exposive war- 
head is suspended in a fairing beneath the 
body 

From a simple ramp, which can be on a 
vehicle, the missile is launched by two long 
burning boost motors, each of which falls away 
at the burn-out point; early development 
rounds had the boosts above and below the 
weapon, on the vertical centre-line. Guidance 
is effected by radio-command, operating 
through an autopilot which controls the wing- 
tip rudders and trailing-edge elevons (there is 
no horizontal tail A telemetering receiver 
plots the position of the missile and at the 
appropriate point the radio transmitter gives 
the order to dive on the target 


italy 


WO of Italy's first missiles were revealed at 
the Technical Salon in Turin in October 
These weapons, which are described below, 
are not the only ones in Italy’s armoury, but 
very few additional details are available 

During testing in Sardinia—the chief Italian 
surface base for guided weapons—a device 
ted MR.27 is stated to have performed 
lowing the correct trajectory under 
and 4 surface-to-air weapon, 











Sud-Aviation 4.200 ramjet bombardment 
missile, mounted upon its launcher 
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dimensions: length 










































































capable of “operation” at 60,000ft, MR.27 is 
small, being 1.5 m (59in) in length and weigh- 
ing 24 kg (52.9 Ib). Burn-out speed is reported 
to be 1,500 km/hr (932 m.p.h.) and range 30 
to 40 km (19 to 25 miles). Other systems 
include the AR.4, built in Turin, the CS.1 
built in Rome by Contraves and the AR.15 
built in Livorno. The AR.15 is an intermediate 
development stage intended to lead to a large 
surface-to-air weapon. Developed by White- 
head-Motofides at Leghorn, the AR.15 has a 
liquid-propellant sustainer and is being tested 
in Sardinia. Anti-aircraft missiles are to be 
fitted to the new cruiser Garibaldi. 

Although purely experimental, the AR.14 is 
also worthy of brief note. This device is the 
latest in a series of small rocket vehicles, and 
is described as having a motor which “auto- 
matically feeds itself,” together with beam- 
rider guidance. Length is given as 7 m (23ft), 
but the weight, quoted as 50 kg (110 Ib), is 
probably actually 500 kg. Motor thrust is 
2,205 Ib for 29 sec, burning WFNA and kero- 
sine, and the programme is stated to end at 
10,000 m (32,000ft), with 20,000 m as an even- 
tual target. Testing is going on at the Sardinian 
base at Salto di Quirra 

MTG-CI-56 The Italian firm of Con- 
traves Italiana, an associate of the Swiss 
Oerlikon company, hold licences to manufac- 
ture the Oerlikon 54 and 56 surface-to-air 
weapon systems. An accompanying picture 
shows a display Contraves missile of this 
family. Production is just beginning at Rome. 

C.7 This remarkably small and neat air- 
to-air missile has been developed by Contraves, 
in collaboration with the Centro Razzi (rocket 
centre), who for many years have investigated 
infra-red homing guidance. The C.7 is the first 
outcome of this work, which is reported to have 
been financially assisted by the Italian and 
Dutch ministries of defence. Propulsion is 
provided by a solid sustainer tube fitted with a 
cruciform of stabilizing fins. To this is attached 
a yellow-painted fore-body carrying the LR 
seeking head under a glass dome and a pair of 
horizontal rectangular wings machined from 
solid. 

On the wings are electric terminal blocks and 
“intermediate partitions” or fences, of which 
there are two on each semi-span. Control is 
apparently effected by twist-and-steer, the 
wings moving together or in opposition. Drag 
is clearly quite low, and the C.7 should be 
able to retain control effectiveness for some 
miles after motor burn-out. The weapon has 
been fired a number of times from F-86s, but 
at the time of writing had yet to be launched 
against an aerial target. 


Japan 


SEVERAL somewhat timid steps are being 
taken to effect an entry into the guided-weapon 
field on a broad front. The only operational 
system likely to become effective in the near 
future is the Swiss O6crlikon 56 (g.v.), for 
which Mitsubishi Electric Machinery Co. hold 
provisional rights to the weapon and its manu- 
facture. Under a 15-year contract O6crlikon 
will receive 8 per cent as patent rights on the 
missiles and 5 per cent of revenue from the 
launchers and fire-control system. A complete 
set of weapons and a launcher have just been 
imported at a cost of $1,080,000. 

Mitsubishi Heavy Industries have spent 
2.4m Yen on the TMB-0 research missile, with 
command guidance, and have a 10m Yen pro- 
gramme for the TMA-1 air-to-air research 
system. TMA-1 consists of a 1.6 m (63in) 


Contraves C.7 Air-co-air 





Missiles 1957... 


Solid sustainer rocket motor 


Approxir e 
7ft 10jin; span, 18in; body diameter, 44in. Estimared 
weight, 120 Ib 


Contraves Italiana MTG-CI-56 surface-to-air weapon. 


fore-body, weighing 40 kg (88.2 Ib) and having 
a diameter of 5.9in; and a 1.3 m (51.2in) rear 
portion, weighing 70 kg (154.3 Ib). Design 
speed is Mach 1.6. During three months of 
trials TMA-1 has not yet been successfully 
fired. Shin Mitsubishi have a smaller air-to- 
air device called MM-1. This weighs 45 Ib, 
and has guidance by Mitsubishi Electric 
Machinery and a rocket motor by Fuji Pre- 
cision Machinery. Finally, since the autumn 
of last year Kawasaki have been conducting 
basic research and development into an anti- 
tank weapon 1 m (39.37in) long; six other 
companies are assisting in turning it into a 
weapon system 


Soviet Union 


SO much pure invention has been published 
as representing a true picture of guided- 
weapon development in the Soviet Union that 
the following is based solely on the actual 
“hardware” which was publicly displayed in 
Moscow on the 40th anniversary of the October 
Revolution. In the writer’s view everything 
then revealed was in all respects genuine, and 
in no way disguised to mislead an observer 
The designations are so far not known in the 
West (publicly, that is), and the following are 
merely functional appellations, i.c., “SAM” 
indicates “surface-to-air missile.” 

SAM Leading all other guided-missile 
sections in the parade through Red Square 
was a unit, believed to be of the Red Air Force 
armed with a surface-to-air guided weapon 
First came four utility cars each accommodat 
ing six officers or technicians. Following these 
were standard (Ford-derived) 66 tractors 
and articulated trailers each carrying one 
round. As far as one can gather, there is n 
reason why the lengthy rail carrying the missile 
should not also serve as the launcher, thus 
effecting great economy in vehicles and making 
the whole system mobile. 

The basic weapon is apparently guided by 
beam-riding and radar command (like Nike 
Ajax), there being a quartet of blade aerials 
around the pointed, probe-carrying nos« 
There are cruciforms of wings and rear con 


The propelling nozzle of the largest of the 

Soviet ballistic weapons described on the oppo 

site page (the nozzle has a sealing plug and 
control surfaces are shaded). 
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trols, all of low aspect ratie. At the rear is a 
tandem boost motor, which seems to give high 
thrust for a relatively brief period. It is attached 
via a hollow thrust-casting which clearly is 
designed to permit the missile’s own sustainer 
\ . to fire at the same time. Overall performance 
\ \ of the weapon should be good, particularly 
! since it has all the hall-marks of being a 
{ j genuine, fully cleared system already in opera- 
} | tional use 
\p prox e 
Estimaced | | : SSM Type I In the parade were eight 
| | | tracked vehicles based on the JS.3 chassis, 
A | \ Nn each carrying an elevatable launcher for an 
\ ' unguided, spin-stabilized ballistic rocket simi- 
\ \ lar to the U.S. Army’s Honest John. It is not 
\ \ known whether the launcher can be traversed, 
| | but it can certainly be elevated to a high 
angle. 

\ / SSM Type II Eight tracked vehicles, simi- 
ind having { lar to those used for the “Type I” weapon, 
l.2in) rear j T | each carried an armoured superstructure on 

Design | which was mounted a somewhat larger, spin- 
nonths of i stabilized tactical-support missile. The wea- 
ccessfully yr N ] | pon was carried concentrically within a cylind- 
ler air-t / | | rical housing consisting of massive upper and 
ths 45 Ib f | lower halves clamped together and obviously 

Slectric | intended to protect the weapon (and possibly 
Fuji Pr | warm the propellant charge) and provide a film 
- ves n i ] mounting when traversing rough country. 
onducting } 

) an anti- 7 ] SSM Type III Two vehicles, identical with 
six other | those used for “Type II” weapons, each carried 
it into a | | an appreciably larger missile in an elevatable 
y | } i launcher. There are indications that this mis- 
. | sile is placed upright on its tail before firing 
| and is provided with guidance to strike a target 
| | deep in the rear of an enemy ground force 
| The fins appeared to be movable 
sublished . 
guided | | SSM Type IV Reminiscent of the Ger- 
nion that | man A.4 (V-2), these large ballistic missiles, of 
le actual | which there were two, were carried on articu- 
layed in | lated two-axle trailers towed by half-track 
October | vehicles accommodating a crew of sixteen 
rerything r excluding those in the cab). The weapon 
line, and A | . § | itself could be seen to have aerodynamic rud- 
ybserver J | | 1 | ders and refractory vanes in the jet of the 
n in the An , T 2 - > large motor, the latter having all the indica- 
wing are a4 {3 > — et tions of using liquid propellants 
“SAM It has been asserted that this weapon is, in 
‘ Lef he: “T IV" ballise an fact, the Soviet ICBM. This is undoubtedly 
oni Soviet SSMs Surface-to-surface. Left to right ype as Sa ot so; the range is not even in the IRBM class 
4 a . roughly 70ft in length, weighing about 45,000 Ib, with a motor of some 70,000 Ib ~ pe 1500 miles, and is in all probability 
be, thrust (not 228,000, as has been reported), with a range of some 400-700 miles; . >} A, he 
ir Force Type lll’, ballistic weapon, roughly 35ft long, weighing in the region of much less than half the etter. not er epost 
weapor 10,000 Ib, with a liquid-propellant motor and a range of the order of 50 miles identifies the missile as the T-2” (a whole 
nmodat Type Ii'’, unguided tactical weapon, weighing about 6,000 Ib; and “Type | family of “T” weapons has become known in 
ng these unguided tactical weapon, weighing about 4,000 Ib the U.S.A., and their detailed specifications 
tractors are frequently published), and claims that the 
ing < thrust is 228,000 Ib. The only fact which can 
re is 1 Soviet SAM Surface-to-air. Internal sustainer fired at same time as solid boost motor. Length with be stated with assurance is that the weapon is 
> miss boost, about 30ft; basic missile length, about 21ft; firing weight. probably about 1,500 Ib without boost not the latest in the Russian ballistic arsenal, 
a a slant range, apparently of the order of 15 to 20 miles. and firings of devices with a range of around 
mak 700 miles have been recorded at short intervals 
since 1955 
ided b 
te Nik 
+ geria “ oe 
} 6nos Red Square, Moscow, on November 7: from the left, surface-to-surface weapons which we have called “Types IV, Il, Il and I. 
ar cx 
of the 
e oppe 
ug and 
/ 

















































































Sweden 


UNTIL one month ago virtually nothing 
worthwhile could be said of Sweden's mis- 
sile programmes, but on November 4 two of 
the longest-established “Robots” were pub- 
licly revealed. These two weapons are de- 
scribed below. Most of the guided-weapon 
research has in the past been undertaken by 
the Guided Weapons Bureau; in the future, 
however, the aircraft industry (in particular 
the Saab Aircraft Co.) will handle the major 
part of the work 


Robot 304 This very effective air-to-sur- 
face weapon was developed by the Robotbyran 
Guided Weapons Bureau) in association with 
the F.O.A. (Services Research Establishment 
and other organizations. Experience was gained 
with the experimental Type 302, which was 
first fired from a T 18B aircraft in 1948 

The requirement for the new tactical attack 
weapon was issued in the autumn of 1949. Pro- 
ect work began in March of the following year 
and a full-scale airframe was flown in the 
spring of 1954. The first complete 304 was 
fired in February 1955 from a Saab-29. As the 
drawing indicates, the weapon has cruciform 
nose controls and a rear-mounted wing with 
a hinged trailing edge and twin fixed fins 
Propulsion in operational 304s is presumably 
provided by an internal rocket sustainer (the 
parachute-recovered training examples so far 
seen have no evidence of propulsion), and all- 
weather guidance (almost certainly radio com- 
mand from the launching aircraft) is fitted 
Performance details are restricted and those 
published beneath the drawing are estimates 
Maj-Gen. Lennart Peyron, Air Force Chief 
of Staff, has described the 304 as the best 
weapon system available; he recently said that 
preparations already in hand to receive it 
include storage facilities and personnel train- 
ing The weapon has undergone intensive 
testing, mainly by the experimental establish- 
ment (Fc) at Malmslatt. Its principal carrier 
will be the Saab-32 Lansen, which has a 304 
pylon beneath each wing. The price, currently 


about 100,000 Kr (£6,900), will fall consider 
ably in production 
Robot 315 Clearly employing a body, 


guidance system and warhead very similar to 
that of the Type 304, the 315 is a surface-to- 
surface bombardment missile of the Royal 
Swedish Navy The basic requirement was 
formulated eleven years ago and in the autumn 
of 1946 an intermediate development proto- 
type designated Type 310 was test fired. 
Actual project-work on the 315 began in 
January 1949; a representative airframe was 
fired in July 1953 and the first complete 315 
weapon was launched in January 1954 








Unlike 304, the Type 315 has cruciform 
wings. Launching is effected from a fairly 
lengthy ran fer the thrust of four inbuilt 
solid box ket motors, the nozzles of which 
point out at some 20 deg from the body, 
in line w 1¢ trailing edges of the wings 
Cruise pr sion is effected by a noteworthy 
type of 1 nittent pulsejet, fed from an 
annular in ll close to the rocket nozzles 


and surrou! a large-diameter pipe which 
apparently i additional air. Nothing has 
been reveale ling the mechanical design 
of this pulse f its fuel. The overall 
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Robot 304 Air-co-surface 


crusse propulsion 





Internal sustainer 
dimensions: length, 14fc 6in; span of wing 6ft 6in; estimated weight, more than 1 000 ib, 
Speed is probably about Mach 1 and che range at least 5,000 yd 


Robot 315 Surface-to-surface (naval) 
Length, about 22ft 
weight, over 3,000 Ib; cruising speed, probably about 550 m.p.h 





presumably a solid rocket. Estimated 


Four internal solid boost motors, pulsejer for 
span of wing cruciform, about 8ft; launching 








configuration of Robot 315 is unique, and at 
first sight seems unduly complex. 

Like Robot 304, the 315 was developed at 
the Robotbyran, in collaboration with other 
agencies. Commodore Sven Rosenberg, chief 
of Robotbyran, recently stated that 315’s 
development had been complicated by the fact 
that it has two propulsion systems—a sentence 
which may hide a multitude of dashed hopes 
Most test firing has been done from the 
ground-test establishment at Karlsborg, on 
Lake Vaettern. Two operational destroyers, 
Halland and Smaland, are equipped with the 
weapon, and the former ship conducted her 
first firing trials in April 1955. Robot 315 has 
all-weather guidance, and the complete system 
is coming into production at the Air Force 
Central Workshops, assisted by civilian sub- 
contractors. If reliable, it should be a formid- 
able weapon 


Switzerland 
SURFACE-TO-AIR 


Contraves-Oerlikon Type 56 For about ten 
years Contraves, Ltd., together with the Arma- 
ment Division of the Oerlikon Machine Tool 
Works, Biihrle and Co., of Zurich, have been 


almost unique in having developed guided 
weapons on an entirely private-enterprise 
basis. Today they are able to offer a fully 


developed surface-to-air missile system for 
sale “over the counter.” Three years ago the 
Type 54 missile was evolved, with a liquid- 
propellant motor delivering a_ thrust of 
2,200 lb. No boost was employed. Weighing 
820 lb, the missile was a beam-rider with a 
speed of 852 m.p.h. and a maximum operating 
height of 50,000ft. Early in 1952 the U.S.A.F 
bought 25 missiles of a previous type and, as 
the MX-1868, evaluated them at Holloman. 

he present Type RSC-J has the same 
dimensions as the Type 54 but is more refined 
and incorporates a great number of detail 
improvements It is used at present as a train- 
ing missile for the Italian Air Force on the 
firing range of Salto di Quirra on Sardinia 
Like its predecessor, the Type 54 missile, it has 
a body made from wrapped light-alloy tubing 
with Araldite bonding, the wings being of 
sandwich construction. The wings, which are 
now of delta form, are arranged to slide axially 
to compensate for changes in c.g. and c.p. dur- 
ing flight; control is effected by a tail cruciform, 
and at low speeds by the swivelling combustion 
chamber. Fuel is kerosine, mixed with WFNA 
nitric acid) with ignition by a hypergolic spray 
of xylidine and tri-athyl amine; feed is by 
nitrogen pressure from a 4,267 Ib/sq in bottle 
The ogive nose of the present training missile 
houses the electronic units and a recovery sys- 
tem. The tactical missile carries a warhead 
of 88 Ib with a proximity fuze 

Launching, without boost, is possible at any 
angle from 90 deg down to about 20. After 
gathering in a wide beam the missile is centred 
in a fine guiding beam (see our issue of 
January 7, 1955 for system details) and des- 
cribes a curve of pursuit. Motor burn-out of 
the tactical missile takes place after 45 sec at 
Mach 2.4, and the combat altitude limits are 
10,000ft to 66,000ft. The missile is fired from 


Robot Type 315 on its firing ramp aboard the destroyer Smaland 


a twin launcher and a tactical A.A. battery com- 
prises six of these. Each battery is equipped 
with a target-tracking radar which controls the 
beam transmitter. All units are mobile and the 
sustained battery rate of fire can reach 12 
rounds per minute. Training rounds are 
equipped with a complete recovery system, 
After a predetermined time the missile breaks 
in half forward of the wings, each portion being 
recovered by parachute. 


SURFACE-TO-SURFACE 


Cobra IV Since 1946 the Oecerlikon Group 
have been developing simple anti-tank weapons 
embodying wire control similar to that used in 
the German X-7. One of the first examples to 
be publicly revealed is the Cobra IV. which is 
a joint development by Contraves-Oerlikon and 
Bélkow. the latter company conducting re- 
search at the Luftfahrtenwicklungen, Stuttgart. 
The design of the weapon closely parallels that 
of the French S.S.10, and the performance is 
similar 

(This review continues on page 893, 
after photogravure section of feature 
articles. 


C.0.8. Cobra IV Surface- 
to-surface. Solid sustainer 
motor. Length, about 34in 
span, about 30in; firing 
weight, of the order of 24 Ib 
flight speed, about 180 m.p.h 

maximum range, about 


1,500 yd 





Contraves-Oerlikon RSC-J 
Model 56 Surface-to-air. 
Liquid-propellanct sustainer 
motor, no boost. Length, 
20ft; body diameter, 16in; 
wing span, 54in; firing 
weight, 820 ib; burn-out 
speed Mach 2.4 (Mach 1.8 


for training missile). 
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FIRESTREAK — in production 


for the Royal Air Force and the Royal Navy. 


DE HAVILLAND PROPELLERS LIMITED 
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The strength/weight ratio of 


TITANIUM 


Titanium is strong, light and extremely resistant to 
corrosion. 

There are, of course, lighter metals just as there are 
stronger metals, but many alloys of titanium combine 
both advantages to a unique degree. 


1.C.1. Titanium 318A, for instance, an alloy con- 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.I (e 
NA 


taining 6°,, aluminium and 4°,, vanadium, has a density 
of only 4} gm./c.c. but can be heat-treated to gi 
strengths of 7§ tons/sq. in. at room temperature, 


62 tons sq. in. at 225°C or 40 tons/sq. in. at 500 C 


I.C.I. Titanium is readily available as sheet, stri>, 


bar, rod, tube, wire, plate, billet and forging stock. 








a a a ee ee 


-_" 4 





or qualified engineers who wou 


BS 





bf the type illustrated, the opportunities r 
Personnel Officer for information. 3 ; : eS a: 


tis 
i 


ry 


xe 


xt 









. s 
. 4 4 
ee 6 
3g * oe: Brn) 
15 ag 
a et albert 
je tees fa 
ae ak 
oY 
4 


WP RR TS ae 











The A.W.A. Seaslug is the Royal Navy’s first ship-to-air missile. Powered 
s bombers at any height 


a sustainer motor and four boosts, the Seaslug e 
fly. It is fired at individual 


I ti 


by 
up to the maximum at which modern aircraft can 


| | =. aircraft selected by long-range radar and the firing crew is far smaller than the 


crew of a gun turret in a major warship. 
The first ships of the Royal Navy to be equipped with the Seaslug are four Cs 


t H.M.S 


SEA 
=, S LUG Weapon ‘Daring’ class ships which are on order. The trial s rd 
, t many iccessful firings at 


Ness’, IS now in service and has already carried ou 
Ihe Seaslug was developed by the Ministry of Supply ar 
Armstrong Whitworth Aircraft Ltd 


1 has been designed 


and constructed by Sir W. G 


pioneers in guided missiles 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD... BAGINTON,. COVENTRY 
WORLD LEADER IN 


Hf HAWKER SIDDELEY GROUP j PIONEER & 











The “Uitimate Weapon”: 


ALayman’s Guide to Some 


Problems of its Operation 


S uided i technology h advanced 1 
a broad front In no field has ths advance 
pectacular than in that of long-range ballisuc missiles 

he past twelve months have emerged trom being shadowy 
projects to a series of thunderous metal cylinders 

This is not to suggest that any of these weapons 
sufficiently advanced to be used operationally; in fact, : 

Western world—by which we mean the U.S.A.—is conc 
none of these fearful devices could begin to act as a “deterre 
at least a year. It is, however, appropriate at this time to present 
1 series of pictures of some of the better-known ballistic weapons, 

Any long-range ballistic weapon consists, first and foremost, of 
1 cylindrical airframe, designed to stand upnght on its base and 
se vertically. At the bottom of the device is a large rocket motor, 
which usually consists of a combustion chamber and nozzle assem 
bly fed with liquid propellants stored in tanks occupy: he major 
part of the body of the weapon. Typical propellants are liquid 
oxygen and kerosine, in an approximate rauo of 3 When t 
valves in the feed-pipes are opened the propellants tend to run 
down into the rocket chamber under gravity; but they are assisted 
yn their way by pumps driven by a turbine energized by a steam 
generator or by the propellants themselves. At full thrust the 
turbopump can deliver a flow which may be as great as half a ton 

second. The rocket chamber itself may have an internal 

perature of about 6,000 deg F and a pressure of well over 

sq in; moreover, in an intercontinental missile, the chamber 

has to keep operating for several minutes. The total horse-power 

produced may, at the point of burn-out (1.e., when the motor ceases 
to operate), be as much as twenty million 

So much for propulsion. Having lifted the missile into the air 
one is next faced with the problem of controlling it, to ensure that 

travels in the correct direction and eventually hits its target 
But before anything can be done with even the most accurate 
missile it is necessary to know where the target 1s, or—in the case 
of a moving target—where it will be when the missile reaches it 
Che only exception to this rule occurs in the case of a fully homing 
missile, either with a “passive system” such as sensitivity to the 
nfra-red (heat) rays emitted by the target or a fully active radar 
in which the missile actually seeks the target with its own self- 
ontained electronic devices 

But neither of these systems can reasonably be used to guide 
1 ballistic weapon which climbs 800 miles and plunges down again 
to a target on the other side of the globe. It is a diverting exercise 
to try to devise methods by which an ICBM (intercontinental 
ballistic missile) might, at some future date, be persuaded to pick 

t a previously chosen target and home on to it. The problems 
soon begin to look insurmountable. 

It follows that the best that tens of thousands of guidance 
pecialists can do is to develop systems which can establish the 
weapon on the right trajectory at the start of its flight, and there 
ifter leave it to itself. It is this free-falling characteristic which 
puts the word “ballistic” into the ICBM designation. A logical 
yutcome of this fact is that, when an ICBM is fired, it must 
contain knowledge of the exact position of its target. Curiously 
enough, even the determination of this position poses problems 
‘ery few people know exactly where Moscow lies in relation to 
New York, or vice versa; and it may be that the research now going 
on under International Geophysical Year auspices will enable a 
survey of our whole globe—as distinct from separate portions of 
it—to be made. This is an ideal example of the manner in which 
political considerations misuse the information gained when 
nations co-operate in increasing our store of knowledge 

Actually, the explosive power of what is called a “first-class” 
warhead—a “yield” equivalent to perhaps twenty million tons of 
r'.N.T.—is so tremendous that, even if it misses its target by 
several miles, the lack of accuracy is of little more than academic 
interest—especially to those at the receiving end. But even an 
accuracy of a couple of miles at a range three thousand times as 
great is no mean achievement, particularly when the entire 
intelligence” to achieve this accuracy has to be contained in the 
missile when it leaves the ground 

One method of navigation that can be employed by missiles 


An IRBM (intermediate-range ballistic missile) test vehicle of the U.S 
Army—a modified Chrysler-built Redstone missile carrying an experi 
mental nose-cone and re-entry body similar to that recently displayed 
by President Eisenhower. It was launched at Patrick A.F.B., Florida. 





ICBM 


















A Douglas Thor IRBM of the U.S. Air Force shortly after leaving its 
firing pod at the Missile Test Center, Patrick A.F.B., Florida 
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which. like a bomber, “cruise” on the lift of a wing 1s automatic 
tracking of the stars, with subsequent computation of the course 
to steer to reach a previously programmed destination. It is a!so 
possible to accomplish much with radar systems of enormous 
power, and electronic systems pouring out millions of watts of 
radio energy may form part of some American ballistic-weapon 
systems. Such radars can “see” the outward-bound missile for 
a surprisingly great proportion of its flight, since the trajectory 
soon reaches heights hundreds of miles above the earth. During 
this phase the radar beam can keep the missile precisely on its 
proper trajectory until contact is finally lost or the rocket “cut-off” 
point is reached. But neither of these arrangements can compare 
with the inertial system, which is wholly self-contained (and there 
fore, one supposes, immune from counter measures) and quite 
beautiful in its scienufic periection 

Flight offered a valuable basic explanation of inertial systems 
in a special issue on April 12 this year. It is not now proposed 
recount any of this, but merely to state that an inertial syst 
measures the acceleration to which it is subjected. A man in a lift 
could, if he were clever enough, always know which floor he was 
on solely with the aid of a weighted spring-balance (to measure 
vertical acceleration) and a stop-watch (to provide the time factor 
and thus enable elementery integral calculus to be used to deter 
mine the distance travelled). Carrying this idea further, 1 is 
possible to visualize a self-contained device capable of measuring 
acceleration along all three axes (up and down, left and right, fore 
and aft), so as to determine the position of a flying vehicle. Suc! 
devices have been developed for long-range ballistic missiles 
capable of detecting to within 0.00015g (the acceleration of a car 
taking 2 hr 30 min to reach 30 m.p.h. from rest). 

To look at a really complete inertial guidance system one would 
have to go to the U.S.A. (and be armed with a security clearam 

Ihe device would doubtless impress a casual observer, and yet for 
complexity it would be put to shame by, say, a telephone exchang 
What would certainly not be apparent would be the accuracy 
and hence cost—affecting almost all the interior parts. For example, 
the gyros used to establish the references for the basic “inert 
platform” cannot be allowed to drift more than about 0.001 deg 
per hour, and so are manufactured more carefully than any other 
part of any weapon—possibly with as much precision as anything 
else yet attempted by man 

One maker of such gyros (Minneapolis-Honeywell) surveyed 
more than 20 sites throughout the U.S.A. before they settled o1 
one at St. Petersburg, Florida, where they now make inert 
quality gyros. Here the vibration in the earth’s crust is not mor 
than ten-millionths of an inch, reduced inside the plant to a few 
micro-inches, an acceptable figure. Another inertial-system pla! 
can be entered only through a succession of ante-rooms, each wit! 
an air-lock, in the course of which a visitor has to replace his oute! 
clothing with all-enveloping nylon, empty his pockets and endu: 
a pounding with air blasts and other devices to ensure that he 
not the harbinger of a single speck of dust or extraneous materia 
Inside the plant pencils are taboo, as is paper, for both make dus' 
Special pens are used in the drawing office, working on viny 
plastic sheets. And somewhere from a small door flows a pr 
cession of gyros, each small enough to fit a raincoat pocket bu 
costing tens of thousands of dollars. 

One could perhaps argue that this fetish for cleanliness and car 
is nonsensical, and that, when the resulting missile is standing i! 
the pouring rain on a distant firing pad it will have to work in fa: 
less accommodating conditions. But it must be remembered that 
the ICBM is no ordinary weapon, and probably will always be 
given special treatment. Its delicate parts will continue to be 
cosseted by white-coated specialists; the odd million dollars will 
never stand in the way of an improvement in the system, to 
increase reliability or remove a possible source of human error; 
and, except in the direst emergency, nobody will mind very much 
if the firing takes place five minutes, or five hours, later than it was 
supposed to. In such matters the big ballistic weapon differs 
completely from any other missile system. 

When the inertial platform is built into the missile guidance 
system it is coupled up with a maze of synchros, servos, electronic 
computers (usually digital) and other paraphernalia, so that the 
basic sensing of acceleration can be constantly compared with the 
desired acceleration and corrections made to keep the missile on 
the right trajectory. For the first few seconds of flight the stabi- 
lization of a ballistic missile may be assisted by tail fins, or a flared 
skirt, or movable aerodynamic rudders. Soon, however, the weapon 
is far above anything that an aerodynamicist would call an atmo- 
sphere, so that fins or rudders are useless. The guidance and 
control system then governs the flight of the missile by pivoting 
tae chamber of its engine (as a drawing shows). This is reminiscent 
of steering an outboard-motor boat; but whereas the boat is subject 
to hydrodynamic loads, and thus can readily alter its heading, the 
ICBM in the remote ionosphere is subject to only two forces— 
rocket thrust and gravity. Quite possibly the axis of the body may 
not alter, so that the weapon may eventually fly sideways, there 
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being no air drag to confer what is called “weathercock stability”: 
but the only factors which matter to the trajectory are the thrust- 
line of the engine, the weight and the overall acceleration 

Somewhere along its journey the missile will require no further 
thrust, and the feed to the engine must then be cut off with very 
great accuracy (a delay of as little as one second may cause the 
target to be overshot by three “miles or more). The job of the 
biggest part of the missile, the tankage and motor used for pro- 
pulsion, is now completed. Accordingly it may well be discarded, 
and the remaining propellants—along with the airframe and motor 

allowed to burn up as a result of the intense aerodynamic heating 
experienced by the body when it descends into the atmosphere- 
say, at a height from 100 down to 50 miles. No way of preventing 
this intense heating or slowing the missile down has yet been 
found; forward-facing rockets have been exhaustively investigated, 
as have large air brakes or parachutes, along with cooling systems 
whereby tons of water are forced through the nose; but each new 
suggestion has proved either unworkable or practicable only at the 
expense of ruining the performance of the weapon 

We are, therefore, left with a warhead moving at some 15,000 
m.p.h. along a gently climbing trajectory, right outside the last 
vestiges of any real atmosphere. On it goes, slowing down very 
gently and climbing less and less steeply, until finally it reaches 
the zenith of its trajectory—technically called the apogee—800 
miles from the nearest point of the Earth’s surface beneath it. It 
seems almost infinitely lonely, a tiny package made by human 
hands and bearing wiring diagrams and instructions intelligible 
to its Operators; were it to contain a sentient being he would feel 
utterly remote from the Earth, despite his knowledge that he 
would reach it in a mere fifteen minutes’ time. 

Should our imagined ICBM have been fired in anger the target 
area may well be expecting to receive it, and super-powerful radars 
will detect the intruder when it still has over one thousand miles 
to go. But the warhead has quite a hard enough task ahead without 
interference from defensive devices. Already, it is beginning to 
curve down again towards the earth, maintaining its enormous 
speed in a manner which for ponderous persistence is quite 
frightening. In fact it actually moves faster and faster, and there 
is nothing at hand to stop it—just infinite miles of outer space. 
Soon the space becomes less empty; increasing amounts of dust 
and gas are encountered and the resulting drag slowly swings the 
re-entry body round until it is falling nose-first, like a bomb. And 
in a few seconds the skin becomes warm, and then hot, and then 
glows a dull red. The red becomes brighter, and the whole 
structure would very soon vaporize—were it not for two factors, 
each the result of literally millions of hours of work by an army 
of scientists: the nose is blunt and very smooth, and the whole 
assembly is very carefully constructed from unusual materials. 

It may seem strange to have a blunt nose on the fastest thing 
made by man, but the American National Advisory Committee for 
Aeronautics, and Mr. H. Julian Allen in particular, discovered that 
when a device such as a ballistic-missile nose-cone re-enters the 
atmosphere it can withstand the arduous mechanical and thermal 
conditions better if its nose is ziven a fair radius. This shape 
rejects more than 90 per cent of the heat back into the surrounding 
air. Nevertheless, the nose-cone and what is called the re-entry 
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Above, a rocket engine assembly employing separately-driven propellant 
punps—o drawing by the Aerojet-General Corporation. Right, an 
Atlas en route from San Diego to Patrick A.F.B.—o picture which, on 
close study, gives more cause for reflection than any other in this issue 
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Left, checking possible human error on the Convair Atlas ICBM fuel- 
transfer test console. Right, steel platforms in an Atlas test facility at 
Convair's San Diego plant. Seen are Mortimer Rosenbaum, chief 


engineer, and J. R. Dempsey, manager of Convair-Astronautics. 


bedy (housing the warhead) still get very hot, and their construc- 
tion makes greater demands than does that of any piloted aircraft 
Moreover, the plummeting object leaves behind it a trail of ionized 
gas, readily detectable by radar and yet completely enveloping the 
nose-cone itself, further complicating the proceedings 

When the nose-cone is down to 50,000ft it has less than three 
seconds to go. Final arrival on target is something of an anti- 
climax, unless the warhead happens to be armed; and in any case, 
one big bang is much like another. W.T.G. 


A thrust unit for a Chrysler Redstone of the U.S. Army, suspended from 
a 25-ton crane, is lowered into place to be joined to the forepart of the 
missile. 
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With Particular 


In these three pic- 
tures are seen English 
Electric Thunderbirds 
immediately after 
launching and —in 
two photographs from 
Woomera — homing 
on to a Jindivik tar 
get aircraft and, 
finally, completing 
what appears to be a 
perfect interception 
The Thunderbird had 
no warhead; the ex- 
plosion is from the 
fuel of missile and 
target 
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By L. H. BEDFORD, C.B.E., M.A., B.Sc., 
and E. L. BEVERLEY, D.F.C.* 


now so high that, from the viewpoints of both the con- 

tractors and the country as a whole, it is essential that each 
fully developed system is ordered in substantial quantities, if there 
is to be any possibility of recouping this great expenditure in order 
to re-employ it for future developments. It is ironic that, because 
of the very considerable increase in lethality provided by guided 
weapons, the quantities required are not by any means as large 
as most people might imagine. It follows that, if these projects 
are to be commercial propositions—and to lessen the burden on the 
British taxpayer—it is essential for contractors to find overseas 
markets to supplement their sales to the British fighting services. 

In such selling operations it is our general experience that most 
overseas customers are primarily interested in “systems” and not 
in the individual components. Since a complete guided weapons 
system may include a whole variety of equipment—from the 
ground radar down to a comprehensive kit of mechanical-handling 
gear—considerable effort is required to ensure that the overseas 
customer is fully aware of the many components required to make 
up a complete system. 

Few nations have any previous service experience of guided 
weapons and, therefore, the task of selling these weapons is often 
a matter of education, of explaining the British concept of their 
development and operation and of revealing the tremendous range 
of equipment anc general facilities which have been built up in 
the United Kingdom. 

Countries which would very likely be involved in any future 
major war are naturally concerned at the basic advances in the 
offensive side of warfare which have been made in the last dozen 
years. They are aware of the enormous increase in striking power 
which occurred in 1945 with the atomic (fission) bomb, followed 
seven years later by the further step of a similar order with the 
hydrogen (fusion) bomb. Aircraft speeds have been steadily 
increasing since the sound barrier was crossed in 1947, and radar- 
echoing areas have been decreasing. Radio warfare—a vast subject 

-has made its own advances which may seriously handicap 
defences. These and other facts are well known to countries which 
are now considering the adoption of guided weapons, but tech- 
niques on the defensive side have certainly not stood still. Overseas 
customers naturally wish to buy a weapon system which incor- 
porates all the latest advances in defence technique 

In order to show how these techniques have been developed it 
is necessary to invite technical delegations from the various coun- 
tries to England and show them in detail how our present projects 
have been developed and the extent of the resources we have 
deployed. They can thus see the extent of the tremendous effort 
required to move from 50 per cent reliability under optimum 
conditions and using our contractors’ skilled personnel to 90 per 
cent under operational conditions in the hands of Service personnel. 
hey can see that the philosophy of missile development in terms 
of maximum effort on the ground is useful, and possibly essential, 
and that flight trials should not be used to prove a principle but 
rather to substantiate the results of ground proving, and that, in 
the limit, all flight testing should be purely confirmatory. They 


r | SHE cost of developing complete guided weapons systems is 





*Respectively Chief Engineer and Commercial Manager, Guided 
Weapon Division, English Electric Co., Ltd. 







Reference to Ground-to-Air 


FLIGHT, 6 December | 957 


Selling Guided Weapons 


Systems 


can see how and why we consider that the airworthiness of the 
various components should be established first on the ground and 
then confirmed in flight, and that to this end elaborate and com- 
prehensive environmental test facilities are needed. They can also 
see the need for the flight of a number of test rounds in which the 
telemetry channels are mainly allocated to vibration measurement. 
There remains the by no means easy problem of interpreting this 
into a vibration-test specification, and the provision of the neces- 
sary equipment. This in turn involves the important decision as 
to the extent to which it is legitimate to break down the missile 
into sub-assemblies for vibration and impact test, equipment for 
the vibration of a missile in toto being somewhat formidable. 

At the factories we can show these experts how it has been 
generally experienced with current types of weapons that the 
designs laid down for dev ent, though conceived in good 
faith as the basis of operational weapons, do not in fact constitute 
good designs for Service employment. A major decision has to 





be made either to “engineer” the development design or to incor 


porate the development experience into a completely new 
ab initio Service weapon. If the latter decision is taken, the 
salient points in the new design are likely to be its ease of 
assembly and break-down, the accessibility of all parts in a 
working condition, servicing by replacement, and packaging in 
sub-assemblies. Corresponding requirements for the ground 
equipment are suitable handling devices, overall test facilites of a 
“go/no-go” character, and facilities for theoretically infinitely 
long storage and check-out of missiles on the launchers. 

Naturally, the foreign purchaser’s main interest is in the type of 
defence which the system can provide and how much it will 
cost. Before these questions can be answered, the contractor 1s 
involved in a very considerable amount of preparatory work 
In the first place he must reach a clear understanding with the 
foreign country what the hostile threat is likely to be at the time 
of the installation of the equipment, both in numbers and type 
of aircraft, height, speed, echoing area and types of bombs carried. 
Then there must be an agreement upon which areas must be 
defended, and whether the defence should be an all-round one 
or restricted to particular sectors. It is probable that the country 
concerned already has some early-warning or tactical-control 
radar which it wishes to continue to utilize in the guided weapons 
era, and this must also be introduced into the calculations. For 
the, most part, potential customers are developing defence systems 
which are based on British and American practice, and manu- 
facturers have therefore designed their weapons to fit into these 
patterns. 

With all this information, and the performance information 
of his own system, the weapon contractor must then get down to 
detailed calculations requiring the use of computer services in 
order to work out a suggested deployment to meet the particular 
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le-Test Range 


Makes OutstandingContribution 


to Development Programme 


Solartron precision electronic equipment is in daily use by missile engineers throughout NATO. 


For every G.W. control gear job of design or test analysis there is an appropriate Solartron instrument. 


Routine system checkovers, plotting of Nyquist or phase-amplitude curves, monitoring rate-gyros through 


specification tests—these and a myriad other tasks are everyday Solartron applications where the information 


is revealed in minimum time and to top orders of accuracy 


. The Solartron Radar Simulator is a must for 


training of operators in sky tactics. Its flexible facilities enable a complete aerial conflict to be staged, displayed 


and if necessary recorded. It is one of the major training tools now at the disposal of NATO defence forces. 


GYRO TEST CONSOLE 


Designed to measure rate-gyro transfer- 
function and damping factor, this recently 
introduced and attractively presented 
console houses a selected group of Solartron 
precision electronic instruments—including 
the internationally renowned Mk.II Trans- 
fer Function Analyser, which has been 








completely redesigned, and now has im- 
proved accuracy of amplitude and phase 
indication at low frequencies. 

The JY 747 Console aids rapid dynamic 
analysis in the range 5—150 c/s, at angular 
velocities up to 60°/Second peak, and will 
accept gyros up to 2)” diameter. 


SERVOTEST CONSOLE 


Custom-built to your servo testing require- 
ments, the new Mk.II Solartron Transfer 
Function Analyser again features as the 
key instrument in this equipment. The 
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desk normally houses all those instruments 
necessary for the complete and rapid 
evaluation of a servo system, whether this 
is a simple or carrier type, primarily 
electrical or mechanical in nature, or a 
complex system involving many different 
types of device. 


SOLARTRON RADAR SIMULATOR 


Four basic types of equipment are available 
—Ground to Air, Air to Air, Air to Surface 
Vessel and Surface Vessel to Air. Based on 
an extremely flexible design the number of 
different units required for any application 
is kept down to a minimum and servicing 
problems are also simplified. The equipment 
can also facilitate the recording of * battle’ 





information, so that during radar-operator 
training the whole of any sequence of 
‘aircraft manoeuvring’ can be repeated as 
many times as necessary. 

All types of echo, including ‘ window * and 
noise-jamming, can be simulated. 


\ Write now for details— 


SOLARTRON COMPUTER SERVICE 


A new Solartron service providing a com- 
plete range of * building-bricks’ for addition 
to existing analogue computers or flight 
simulators, or for building complete in- 
tegrated machines having full control ana 
ancillary facilities. 

A range of D.C. low-drift, high-performance 
Amplifiers provides the working nucleus for 
such machines, and these are supported by 
Heater Supply Units, Reference Supply 
Units and basic power supplies. 





S} OLAK IR RON THE SOLARTRON ELECTRONIC GROUP LTD - THAMES DITTON - SURREY 


Telephone : EMBerbrook 5522 


Cables : Solartron, Thames Ditton 
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SELLING GUIDED WEAPONS... 


case. Initially these problems require a great deal of mathematical 
effort, but as more experience is gained it is possible to develop 
particular techniques which tend to shorten the time involved. A 
set of working rules can be formulated to control such parameters 
as the extent of supporting fire, the location of the tactical control 
centre and the siting of the fire units. From these rules, it is 
possible to calculate the effectiveness of a particular deployment 
against the particular types of threat that are being posed. I: is 
generally the case that there is one major and a number of minor 
threats which have to be met. Finally it is necessary to list all the 
equipment required for such a deployment, and then to price it. 
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Negotiations of this sort—which may last for many months 
are hampered by questions of Security, and contractors rarely have 
a completely free hand to execute their sales campaign. The British 
Services are, quite correctly, concerned that the details of vital 
future weapons should not fall into the hands of potential enemies 
On the other hand, there is considerable pressure for equipping our 
allies with the best weapons available and building up a common 
defensive system which, if based on British weapons, will secure 
essential exports to aid our balance of trade. Between these con- 
flicting views the contractor has to tread a delicate path if he is to 
conduct a successful sales campaign against the increasing Ameri- 
can competition which is now being experienced. This is quite 
literally “education,” and not mere sales-talk. 


RAIN, HAIL, BLOW OR SNOW 


Proving the Fairey Firefiash 


[N the article concluded above the point is made that 

tremendous effort is required to take an apparently 
“developed” weapon and bring it to the stage where 
it will perform reliably under genuine Service con- 
ditions. These photographs from the weapon division 
of the Fairey Aviation Company show typical aspects 
of the work which preceded the final clearance of the 
Fireflash air-to-air weapon for Royal Air Force 
service. 

On the right the big blower tunnel at Boscombe 
Down is being used to check the jettison charac- 
teristics of an early version of Fireflash. The next 
two photographs show preparations for a static firing 
from a Swift wing (to prove the wing against rocket 
blast) and che testing of weapon components in a 
Perspex chamber which can be filled with fine mist, 
acid, alkaline or salt-laden air. The bottom three 
illustrations show the electrical components of Fire- 
flash being subjected to “driving rain”; a masked 
engineer checking the boost ignition and separation 
circuits after 30 minutes of simulated dust and sand- 
storm; and a round—it has acquired an ice coating 
—under test in the refrigeration chamber. 
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Rockets for 
Research 


SCIENTIFIC EXPLORATION ON THE FRINGE OF SPACE 





many countries to produce bigger, faster and more letha! 

means of airborne destruction, it is perhaps a refreshing 
change to consider some of the ways in which rockets and missile 
can perform useful contributions to basic scientific knowledge on 
an international scale. With the International Geophysical Year 
programme in the background—and two orbiting Earth satellite 
very much in focus in the foreground—there is much of great 
interest to report in the field of research into the upper air. 

The subject is wide and fascinating. It is simply exploration 
into the realm of space. The purpose of this exploration, for those 
who wish purposes to be stated, is to extend our basic scientific 
knowledge—to sound out the upper air. A sounding rocket blasts 
up to one hundred miles and telemeters data back for a few brief 
minutes: yesterday we used a lump of lead on a length of twine, 
swung outboard to sound the ocean-bed. The sea is now familiar, 
but the upper air is not. 

We need to chart the upper air for a variety of reasons—simply 
to understand its structure better, to provide data for future 
manned interplanetary flight and, strangely perhaps, to find out 
more about our own planet Earth; its weather, its magnetism, and 
even its shape. The scope is wide, and this article cannot hope to 
cover the entire field in detail. We shall hope to indicate generally 
the kind of information that is sought and is provided by rockets 
and satellites, and to give examples of particular projects. 

Temperature, density and pressure are obvious and basic proper- 
ties to be measured directly, and it is only with rocket-borne 
equipment that a detailed knowledge of these properties at heights 
ibove the limit of balloon ascents has been obtained. 

The peak altitude of the majority of sounding rockets occurs in 
the ionosphere, the “middle layer” of the atmosphere, which is an 
avea of great interest. This region contains the ionised, or electric- 
ally charged D, E and F layers from which the reflection of 
ground radio signals has made possible very long-range trans- 
missions. Ground-based methods of investigating many aspects 
of the ionosphere are difficult, while rocket sounding can provide 
much information. 

Two most important subjects of study which demand high- 
altitude measurement are solar activity and cosmic radiation. A 
note of these two areas of investigation is included in the later 
references to Russian and U.S. satellite work. While the sounding- 
rocket technique gives good results in the study of the vertical 
variation of a quantity at a certain place and time, its limitations 
are the short duration (at most a few minutes) during which 
measurements can be made, and the fact that variations with time 
cannot be measured. 

Night airglow can also be studied, using rocket-borne photo- 
meters. Other phenomena capable of investigation by rockets are 
the dynamo currents responsible for the quiet magnetic variations; 
disturbed magnetic variations (magnetic storms); and the extent 
and nature of the auroral zones. 

Among other rocket experiments being carried out at present 
are the location of the optical horizon; determination of the dis- 
tribution of ozone in the upper atmosphere; determination of 
ultra-violet fluorescences of upper atmosphere during auroras; 
measurement of the Earth’s magnetic field, with such measure- 
ments used to locate ionospheric and auroral current flows; and 
the measurement of low-energy cosmic rays as a function of 
geomagnetic latitude, and correlation of intensity fluctuation with 
solar and magnetic phenomena. 

For the extra expenditure of rocket power (and of accurate 
control) sufficient to establish a satellite in orbit, a great deal more 
information can be obtained than with any sounding rocket. 
Firstly, the satellite can carry its own measuring instruments and 
can telemeter the results to the ground until the batteries powering 
its transmitters run down. Secondly, ordinary continuous-wave 
radio signals from a satellite which, in an elliptical orbit, dips into 
the ionosphere to its perigree and out again to an apogee at 500- 


| N an issue of Flight devoted largely to recording the efforts ot! 


International Geophysical Year experiments include the establish- 

ment of Vanguard satellites in orbit by the U.S.A., and firings of Sky- 

lark upper-atmosphere rockets by Britain. The U.S. satellite pregramme 

was preceded by the recent test launching of the three-stage Vanguard 

rocket (left) at Cape Canaveral, Florida; the heading photograph shows 
a Skylark launch at Woomera, South Australia. 


a 


al ea emi 





oe Afailbe® Siva 


ge item Lote 


«natal 








ACE 


orts « 
leth 
shin: 
issile 
ge or 
Year 
ellite 
grea 


ratio 
those 
nf 
blast 
brief 
wine 
iliar 


mply 
iture 
| our 
, and 
rn LO 
rally 
kets 


per 
orne 
ghts 


5 in 
5 an 
ric- 


ins- 
cts 
‘ide 


| ">a 


w TP We 


December 195° 887 


1,000 miles, can be of enormous value in providing data on radio 
transmissions through the ionosphere. Thirdly, even when the 
satellite is silent it can be tracked visually and by radar. and its 
speed and exact orbit can give data for air density calculations, the 
forecasting of future orbits, and studies of the Earth’s magnetism. 
A comprehensive symposium on high-altitude and satellite 
rockets was held by the College of Aeronautics, the Royal Aero- 
nautical Society and the British Interplanetary Society at Cranfield 
ast July (reported in Flight of August 2) at which 12 papers were 
presented. Another general reference to satellite flight is the article 
1 New Realm of Flight which appeared in Flight of October 18 
Projects in the U.S.A. The American programme of upper- 
atmosphere research by means of sounding rockets was begun in 
ry with the launching of the first ex-German V-2 rockets in the 
S.A. An important second step was to use the V-2 together with 
4 small U.S. rocket, the WAC-Corporal, as a two-stage vehicle 
For many research purposes the V-2 was too large and the 
WAC-Corporal was too small, and there followed the first U.S 
rocket to be specifically designed as an upper-air research vehicle. 
This was the liquid-propellant Aerobee, first fired in November 
1947. Since then over 200 Aerobees have been launched and an 
mproved version known as the Aerobee-Hi has been developed. 
Now well established as versatile upper-air vehicles, rockets of the 
Aerobee family are taking an important part in the I.G.Y 
Among recent experiments performed with this type was the 
firing of artificial meteors (aluminium pellets) from an Aerobee at 


Aerobee-Hi launch (below) from White Sands. Successor to the 

ubiquitous Aerobee, the Aerobee-Hi was used in the recent U.S. arti- 

ficial-meteor experiment. The night scene (right) shows Viking rocket 
and launching tower at Patrick Air Force Base, Florida 
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a height of 54 miles over New Mexico on October 16; and the 
release of sodium vapour at between 80 and 100 miles to produce 
an ionized cloud with which to study the reflection of short-wave 
radio transmissions. The aluminium pellets were fired at speeds 
up to 40,000 m.p.h. (greater than escape velocity) 

Other American sounding rockets include the Viking, a large 
V-2 replacement which, in an improved version, formed the basis 
for the first stage of the Vanguard satellite launching vehicle; and 
a variety of small and efficient rockets designed for economy and 
in many cases) limited scientific purposes. The most important ol 
these are listed in the table below 

Altitude Payload 


Rocket County Stages (miles) (Ib) 
Nike-Cajun U.S.A 2 95 60 
Arcon U.S.A l 7 40 
Iris U.S.A 2 200 100 
lerrapin U.S.A 2 &( 8 
Rockoon (balloon / Deacon U.S.A l 50-70 20-30 
Rockaire (aircraft/Deacon) U.S.A ] 100 40 
Farside rockoon U.S.A 4 4,000 10 
Asp U.S.A l 40 25 
Aerobee U.S.A l 70 150 
Acrobee - Hi U.S.A l 122-165 120-200 
Spacrobee U.S.A 2 350 40 
Skylark Britain l 100 100-150 
Veronique France l 84 130 
Kappa Japan 2 80 15 


One typical moderate-performance sounding rocket is the Nike 
Cajun, approximately 50 of which are to participate in the I.G.Y 
programme. This is a high-altiude version of the Nike-Deacon, 
the Army’s Nike booster being used as a first stage, and the Cajun 
second stage carrying a 50 lb payload of instruments to heights of 
about 10 miles. Among the Nike-Cajun I.G.Y experiments are 
the measurement of water-vapour distribution; total-field magneto 
meter readings and electron-density measurements in the E-region; 
cloud-structure studies by photography of the optical horizon; 
measurement of cosmic rays and auroral radiations; and measure 
ments of X-rays during solar flares 

In general the trend in the U.S.A. over the past ten years has 
been a switch from the large rocket carrying extensive equipment 
for a variety of investigations, to the smaller rocket used for a 
more limited range of measurements on any one flight. From the 
V-2 payload of 2,000 Ib, favour has turned to the small package 
weighing 50 or even 10 lb. By concentrating on less complex 
equipment, the chances of successful results are higher, and th« 
small rocket can take advantage of assisted launching either by 
a large booster rocket or by “rockoon” or “rockaire” technique 
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ROCKETS FOR RESEARCH... 


The Rockoon consists of a small rocket such as a Deacon which 
is carried aloft by a high-altitude balloon (itself released from either 
ground base or ship) before firing. The most spectacu!ar example 
of this was provided recently by the Project Farside rocket which 
is believed to have attained an altitude of no less than 4,000 miles 
after being launched from a balloon at about 20 miles above 
Eniwetok Atoll. The Farside rocket has ten solid-propellant motors 
mounted in four stages. Four Recruits form the first stage, a single 
Recruit the second stage, four Arrow Il motors (used in the Asp 
sounding vehicle) the third, and a single Arrow II the fourth. 

The same objective of gaining altitude plus mobility in launching 
lies behind the Rockair (Navy) and Rockaire (U.S.A.F.) projects. 
These involve airborne launching of the rocket from aircraft at 
about 35,000ft, the actual firing taking place as the aircraft pulls 
up into a vertical position prior to completing a loop. Navy 
research has included modifying a standard folding-fin aircraft 
rocket (basic cost $50) to accommodate a cosmic-ray counter and 
associated telemetry; the Air Force have used a special Rockaire 
rocket, powered by a standard Jato unit and carried under the wing 
of an F-86D. In the latter case a 40 lb payload launched at M = 0.8 
at 35,000ft will reach about 45 miles. 

Prior to the launching of the first Soviet sputnik, comprehensive 
advance details had been published concerning the U.S. satellite 
programme, Project Vanguard, and a description of the rocket 
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For left, French rocket 
Veronique, developed from 
German V.2. Left, the first 
U.S. test satellite (note rect- 
angular ports for solar 
betteries) in position with 
half of phenolic asbestos 
nose cone. Right, a model of 
a full-size Vanguard satellite 
showing central instrumenta- 
tion pack, mountings for 
antennce, and (mounted 
against shell) cells for re- 
cording solar radiation. 


/ 
vehicle and Vanguard satellite itself was included in Flight’s report 
of the Cranfield conference in our issue of August 2. The main 
Vanguard experiments will relate to the firing (expected during 
1958) of six 20-inch instrumented spheres weighing 214 Ib cach 
into orbits around the Earth. These will be preceded by smaller, 
simpler satellites 6.4 inches in diameter and 4 lb in weight, the 
first of which is scheduled to be launched during this month. 

Instrumentation in the 20-inch satellites will include an ion- 
chamber unit (with associated electrometer circuit, solar battery 
used as an aspect photo-cell, magnetic memory circuits, orbital 
switch and resetting circuit) for the measurement of solar radiation; 
environmental instrumentation such as thermistors to measure 
temperature, evaporated resistance strips sensitive to erosion by 
meteors, impact microphones to count meteorites, and pressure 
gauges to detect punctures of hermetically sealed zones; and the 
Minitrack transmitter which not only provides the tracking source 
but also transmits the telemetered signals. Cosmic rays will be 
registered by means of a Geiger counter, 50 individual measure- 
ments per orbit being stored by a miniaturized magnetic tape 
recorder before being telemetered to the Minitrack stations. 

In addition, the Earth’s main magnetic field and ionospheric 
currents will be studied from measurements made by a Varian 
proton precession magnetometer. Meteorological experiments 
planned are the determination of the radiation balance of the 
Earth and atmosphere, and measurement of the distribution of 
the Earth’s cloud cover. For the former, the temperature of small 
spheres mounted at the tips of the radio antennae will be monitored 
to deduce changes in radiant energy; and the cloud cover will be 
recorded by scanning the landscape below the satellite with infra- 
red photocells. (Here again storage of information is involved.) 

The British Skylark. Britain’s contribution to 1.G.Y. high- 
altitude research by sounding rockets is centred on the Skylark 
rocket, designed by the Royal Aircraft Establishment and powered 
by a Raven solid-propellant motor giving a nominal thrust of 
11,500 Ib for about 30 seconds. It is designed to carry a payload 
of 100-150 lb to a height of 95 miles, and has a take-off weight 
of approximately 2,500 Ib. 

Skylark is 25ft in length, its conical nose and a cylindrical 
parallel section giving some 5 cu ft of useful payload space. The 
nose cone is made of stainless steel, and in some experiments 4 
part of it will be jettisoned at high altitude by a spring mechanism. 
The nose cone and the parallel bay can be pressurized independ- 
ently. In addition to equipment for specific tests, standard instru- 
mentation includes a 465 Mc/s telemetry sender, Doppler trans- 
ponder (104-208 Mc/s) and a 6 cm microwave beacon. 

Six preliminary Skylark firings are being made at Woomera 
prior to the I.G.Y. experiments planned by the Gassiot Com- 
mittee of the Royal Society, and a report of the fourth of these 
which, on November 13, attained a height of 83 miles, gives som 
interesting detail on the type of measurements being made by th« 
Universities and the R.A.E. in this joint programme. Four specia: 
installations were carried on the flight: 

(1) To measure atmospheric temperatures and high-altitude wind 
velocities : a series of 18 ex ive grenades, ejected from the rocket at 
intervals above 100,000ft. Ground equipment included microphones to 
record the arrival of the sound-waves, ballistic cameras to record the 
position of the explosive flashes, and a detector to record the instant 
of each This experiment was by “yo! College, London. 

(2) To measure winds at altitudes up to 50 miles: fourteen cartridges 
of “window” foil, released explosively in two clouds at heights above 
100,000ft. These clouds were tracked by ground radar, and the experi- 
ment was devised by Imperial College, London. 

(3) To measure ionospheric electron densities: a selection of the 
rocket nose, insulated to form a fixed-capacity condenser and included 
in a 5 Mc/s oscillatory circuit able to detect the presence of electrons 
in the ionosphere. The results in this experiment, which was devised b) 
the University of Birmingham, were telemetered to the ground. 
(concluded on page 892) 


Typical vehicles for upper-air research. Altitudes shown are approximat: 
only; satellite orbits vary from over 1,000 to less than 200 miles. Nort! 
American X-15 is designed for manned flight to 100 miles. 
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the Hunting Percival President have a 
background of more than 10 years’ operating 
experience in many different aircraft fulfilling 
widely different functions. 

This experience, allied to planned development, 
ensures constant performance and reliability. 
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Pin-pointing the Problem 
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of Space 


BY MICHAEL AARONSON 


ESS than half a century ago the world was startled by the 
announcement that an aeroplane, piloted by the French- 
man Louis Blériot, had crossed the Channel, thereby 

penetrating the airspace of the United Kingdom. Today, air 
transportation is a commonplace method of travel 

With the extension of conventicnal rccket programmes by the 
launching of satellites into orbits the matter has been carried a 
stage further. Whether this generation will experience a new form 
of locomotion known as space travel remains to be seen. From all 
accounts it does not appear to be impossible. 

In any event, developments designed to explore interplanetary 
space have already gone far beyond the realms of science fiction 
This raises practical legal questions nct yet covered by existing 
rules of international law. The three most important are the alti- 
tude of territorial airspace sovereignty, the rules cf navigation 
relating to space vehicles, and the law cf discovery cf planetary 

ies. 

Territorial Airspace Sovereignty. Two schools of thought con- 
cerning territorial airspace sovereignty were developed in the 
latter part of the nineteenth century. Both agreed that no cus- 
tomary international law governed locomotion in the atmosphere 
above the Earth’s surface. On all other issues they were divided. 

The one maintained that the atmosphere surrounded the 
Earth, and that all political entities bordered the atmosphere in 
the same way that maritime territories bordered the sea. There- 
fore, the same rules applied to the air as applied to the sea. Since 
the freedom of the high seas had been established in inter- 
national law, freedom of the atmosphere was a logical conse- 
quence. Thus, as no nation could exercise jurisdiction over the 
high seas, no nation could exercise jurisdiction over the atmos- 
phere. Therefore, the right to penetrate the atmosphere above a 
political entity should be unhampered. 

The other approach was much simpler. It maintained that 
since States exercised absolute sovereignty over and beneath the 
surface of their territories, they were entitled to exercise similar 
jurisdiction above the atmosphere of their territories. 

The matter was resolved in international law by the 1919 Paris 
Convention on Air Navigation. Article 1 provided that con- 
tracting parties recognized that every Power had complete and 
exclusive sovereignty over the airspace above its territory. 

Though the United States did not ratify the Paris Convention, 
it asserted its sovereignty over the airspace above its territory 
through the medium of its Air Commerce Act, 1926. This asser- 
tion was followed consistently in the Havana Pan-American 
Convention, 1928, and the U.S. Civil Aeronautics Act, 1938. It 
came as no surprise, therefore, that at the Chicago Conference, 
1944, not only did the United States agree to, but it actually 
sponsored, the inclusion of this firmly established principle of 
international law in the Chicago Convention, 1944 

Most States are contracting parties to the Chicago Convention 
into which the principles of the Paris Convention, 1919, have 
flown. The Chicago Convention, which replaces the Paris Con- 
vention, provides in Articles 1 and 2 that contracting States 
recognize that every State has complete and exclusive sovereignty 
over the airspace above its territory. The territory of a State 
is deemed to be the land areas and territorial waters adjacent 
thereto, under the sovereignty, suzerainty, protection or mandate 
of such State. The territorial airspace sovereignty of non- 
contracting States as well as contracting States is recognized. 

The Soviet Union did not adhere to the Paris Convention, 
1919. Nor has it done so in respect of the Chicago Convention, 
1944. Nevertheless, the Soviet Air Code cf 1932 makes it quits 
plain that the U.S.S.R. subscribes to the universal principle in 
international law concerning territorial airspace sovereignty 
This is confirmed in the Soviet Air Code 1935. 

No attempt has been made to define the meaning cf airspace, 
either in the Paris Convention, 1919, or in the Chicago Conven- 
tion, 1944. Examination of the background leading up to the 
Paris Convention, 1919, clearly indicates that the main concer" 
of contracting parties was strategic. After the events of the 
First World War, no State was disposed to allow a foreign object 
to proceed over its territority at any height or speed, unless prior 
authorization from the sovereign Power concerned had been 
obtained. It is true that the Paris Convention describes the 
vehicles used for flight as “aircraft,” which was defined as cover- 
ing all machines capable of remaining airborne with the aid of the 
resistance of the air. However, at that time, it was not envisaged 
that any other type of vehicle would be used for transportation 
above the Earth’s surface. Nevertheless, even then, and in 


DIRECTLY relevant to the use of rockets and missiles in exploring 
outer space is the formidable range of associated legal problems which, 
with the launching of the first artificial satellites, has suddenly been 
brought into sharp focus. Some of the implications of current develop- 
ments in international airspace law are here discussed. The article 
was written before a recent lecture (reported overleaf) by an eminent 
American authority on air law, Professor John C. Cooper, legal adviser 
to the Inter i 1 Air Tr port Association. 





spite of the use of the term “airspace” in the English text, the 
French version of the Paris Convention employed the phrase 
“espace atmospherique”’ which, literally translated into English, 
means “atmospheric space.” 

The Chicago Convention also defines “aircraft.” However, by 
1944 it was apparent, particularly in view of the German rocket 
programme as well as general development of jet propulsion, 
that “aircraft” had assumed a much troader meaning. In the 
French version of the Chicago Convention the broad English 
term “airspace” appears once again as “espace atmospherique.” 
‘The French language is one of the official languages of the Inter- 
national Civil Aviation Organization. 

According to an official Soviet manual on international law, 
“air” is defined as “the column of air above the territory of the 
U.S.S.R. including land and water, comprising the troposphere 
and the stratosphere. This manual asserts that there are no 
laws permitting limitation of the air under national jurisdiction. 
Furthermore, that these regions of the air are undergoing con- 
tinual extension in proportion to the increases in the ceiling of 
aircraft.” 

Many writers have attempted to define “airspace.” Professor 
John Cobb Cooper has suggested that both the Paris and Chicago 
Conventions deal with objects which derive their support in the 
atmosphere from reactions in the air (such as balloons and aero- 
planes) and not with rockets, satellites and other such space- 
craft designed to move through space without atmospheric 
support, According to this theory a rocket propelled in the 
atmosphere only a few miles above a State’s territory would not 
infringe the territorial airspace sovereignty of that State. 

Other writers have distinguished between air and atmosphere 
and have argued that airspace has a specific meaning. 

Paying due regard to all developments, this writer considers 
the situation to be the following. In interpreting relevant articles 
of the Chicago Convention, one must bear in mind certain canons 
of construction laid down in 1952 by the International Court of 
Justice. Thus, it is not possible to base the construction on a 
purely grammatical interpretation of the text. One must seek 
an interpretation which is in harmony with a natural and rea- 
sonable way of reading the text, having due regard to the inten- 
tion of the parties at the time they bound themselves by the 
Convention. It would require special and clearly established 
reasons to do otherwise 

That being so, it must be conceded that the term airspace has a 
very broad meaning. Furthermore, the translation of the equivalent 
French expression in the text is “atmospheric space.” Nothing is 
gained by casuistic arguments as to the exact meaning of “air.” 

To the lay mind the simplest definition of an atmosphere, which 
has the advantage of being common ground among most scientists, 
is that it is an envelope of gas, if any, which surrounds a body 
in space. It follows that the Earth’s atmosphere is the envelope 
cf gas that surrounds the Earth. 

Thus, airspace or atmospheric space, as used in the Chicago 
Convention, 1944, may be defined as that space enclosed by the 
projection of the radii of the earth passing through and above sur- 
face political boundaries, until such radii reach the notional 
frontier dividing the Earth’s atmospheric envelope from the sparse 
interplanetary gas which is reputed to permeate interplanetary 
space, 

It may be argued that the notional frontier between the Earth’s 
atmosphere and interplanetary space would be at too high an 
altitude to be the practical limit of a nation’s territorial airspace 
sovereignty. That may be so. Nevertheless, pending agree- 
ment to the contrary, that notional frontier is the logical con- 
sequence of the intent of the parties who drafted Articles 1 and 2 
of the Paris Convention, 1919, the broad general terms of which 
were incorporated into Articles 1 and 2 of the Chicago Conven- 
tion, 1944. The alternative is an altitude of just under 20 miles 
above the Earth’s surface. 

It may be presumed that, with the launching of Sputnik 1 
as a Soviet national experiment, the U.S.S.R. does not consider 
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THE LAW OF SPACE... 


that territorial airspace sovereignty extends beyond an altitude of about 
560 miles. Otherwise she would be violating the sovereignty of other 
States over which Sputnik 1 can be seen. 

Rules of Navigation in Space. Once agreement has been reached on 
the altitude of territorial airspace sovereignty it will be necessary to 
define the regions beyond it. This will require legal meanings to be 
given to such expressions as airspace, atmosphere, space, interplanetary 
space and interstellar space. At present, these are often used 
interchangeably. 

An important question that will have to be decided is the legal status 
of space beyond the agreed altitude of territorial airspace sovereignty. 
In discussing this matter some writers have drawn analogies from 
international rules pertaining to the high seas. But analogy is a dangerous 
snare. 
he basic precedent that the Paris and subsequent Chicago Conven- 
tion have established is that the origin of all international law affecting 
the area above the Earth’s surface is not derived from principles and 
precedents built up throughout the ages. 

These Conventions are law-making treaties which are a source of 
international law of great importance. They stipulate new general rules 
for future international conduct. Where appropriate, they confirm, 
define or abolish existing customary or conventional rules of a general 
character 

Consequently, the fact that freedom of the high seas is a customary 
rule of international law has no bearing on what should be the law 
concerning navigation in the space above and beyond the altitude of 
territorial airspace sovereignty. Any rules concerning such navigation 
must be formulated, in accordance with the established precedent, by 
international agreement. 

This raises the question of the von Braun space station. In order to 
obtain the enormous public funds required for this project it has been 
justified as an invulnerable bombing platform that will enable the 
United States to maintain world peace. At a height of 1,075 miles, it 
is proposed to circle the Earth once every two hours. By means of 
special optical instruments United States personnel would be able to 
observe an attack by any nation before it could get properly under way. 
Atomic missiles would then be launched from the space station on to 
relevant Earth targets. The war would thus be ended before it started. 

Soviet scientists are reported to be working on similar projects. 
Unlike those of the United States, and probably because they can get 
all the money they need, Soviet scientists do not announce the object 
of the exercise 

Assuming all this to be possible, and leaving out the question as to 
what effect a rocket with an atomic warhead launched from Earth might 
have on these space stations, the first question that arises is whether 
the all-seeing eye of the space station would not be violating territorial 
airspace sovereignty. Would any State, in the absence of previous 
agreement, based on reciprocity, be prepared to allow another State to 
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penetrate its national territorial airspace sovereignty to that ex'ent? 

Obviously, the idea in itself could go a long way towards mainta.ning 
international peace, always assuming that such a space station can be 
built, provided that this station 1s manned by an internationa! staff 
under the terms of an appropriate international agreement. 

At this stage, however, it might be as well to remember that the basic 
goals of the satellite project are meteorological and geophysical observa- 
tions of the earth, and astronomical studies. It would, therefore, be 
advisable to come to some arrangement whereby, on the basis of 
reciprocity, an international inspectorate has the opportunity of examin- 
ing the contents of these state-owned space vehicles before they are 
launched into an orbit. Similarly, States would probably allow Earth 
satellites to navigate peacefully in their orbits, provided there were an 
effective system of dissemination of the scienufic information obtained. 
Care will also have to be taken to ensure that the provisions of the 
International Telecommunications Conventions with regard to the use 
of authorized frequencies are not breached. 

Provided the matter is given enough thought, it will probably be 
found at this stage that the projection into space of the existing inter- 
national system of air navigation, appropriately amended, could be 
achieved without very great political difficulty. Thus these vehicles 
would acquire a nationality by registration with the launching state 
The flag state would, thereby, assume responsibility to ensure that the 
vehicle complied with all rules and regulations in force and would be 
responsible for any damage incurred. 

Discovery of Planetary Bodies. As regards the law relating to “dis- 
covery” of planetary bodies, the position could be a little more 
complicated. 

If the United States succeeds in its announced project of launching 
a manned spaceship to the Moon—or, alternatively, if the Soviet 
Union succeeds in discharging a mobile laboratory on to that satellite 
—will this mean that new territory has been discovered? That is to 
say, will it serve as evidence, symbolic or otherwise, of possession? 
Will it ultimately lead to claims of sovereignty? 

If principles and precedents to answer these questions are sought 
from the international law that prevailed four centuries ago the answer 
might be in the affirmative. But international law is a living organism 
which has passed through many evolutionary stages. 

Claims of sovereignty acquired by discovery are still governed by the 
international law that prevailed at the time the claim was created. 
However, during the period under review, the law of discovery has 
altered considerably. Therefore, at any given time, relevant legal 
systems prevailing at successive periods may be applied to each case 

The system of law applicable to the area above the Earth’s surface 
was created and developed for that specific purpose in the twenticth 
century through the medium of law-making treaties. The system is 
self-contained, and principles and precedents from other branches of 
international law do not apply. ¢ major precedent established by 
the system is that any development of law in the atmosphere or beyond 
must be by international agreement. 


Problems of Satellite Flight 


on Wednesday, November 27, in a talk by Professor John Cobb 

Cooper. legal adviser to the International Air Transport Association 
and formerly Head of the Institute of International Air Law, McGill 
University. He was addressing members of the British Branch of the 
International Law Association. The lecturer’s main conclusions were 
that there were three regions into which airspace and space could be 
divided; and thet the international law affecting these regions should 
accordingly be based on three distinct methods of approach. 

We had arrived at an entirely new era in transport, Prof. Cooper 
began, and the basic factors in connection with any form of transport 
were concerned with the medium through which the vehicle moved, the 
vehicle itself, and its contents. The three main problems at present 
were: 1, What was the legal status of the areas of space through which 
a satellite moved; 2, What was the legal status of a satellite itself; and 3, 
What questions of international control must be answered? These were 
the current problems of air law, as it used to be called, or flight-space 
law, as the speaker preferred to describe it. 

Reviewing the historical background, Prof. Cooper first pointed to the 
1909-1919 period during which, he said, it had become gradually but 
firmly accepted by States that a country’s sovereignty extended to the 
airspace above it. The airspace above the high seas, logically, was not 
the subject of contro! by any one country. As a guiding rule the inter- 
national legal historian should be concerned with the acts of States rather 
than judicial decisions, and in this respect it was clear that the principle 
of three-dimensional territorial rights had been assumed by all countries 
concerned. The declaration of war by Germany in 1914, indeed, had 
quoted infringements of German and Belgian airspace by French air- 
craft. In the Paris Convention of 1919, therefore, States did no more 
than to state existing international law. 

here had been little extension of the implications of this philosophy 
prior to the new period of today, when we were engaged in determining 
whether or not there was an upper limit to national control of airspace. 
Sovereignty of airspace was now being limited, not created. 

Referring to the lack of a satisfactory definition of the word airspace, 
the speaker suggested the use of the term “flight-space” to cover all 
regions of air and space in which flight might take place. “Airspace” 
as used in the Paris Convention, and later adopted in the Chicago 
Convention, was intended to mean—and should still be considered to 
mean—t regions where the gaseous atmosphere was sufficiently 
dense to support the flight of balloons and aircraft. National sovereignty 
should apply in this region but, above it, while nothing precluded the 
enforcement of national sovereignty, there was no basis on which current 
international air law could be applied. On the incidental question of 
whether outer space could be seized and held by a controlling Power, 


Te: legal problems raised by satellite flight were discussed in London 


Professor Cooper’s personal opinion—and fear—was that it could 

Recent developments in rocket-powered flight, he continued, had 
defeated the old restrictions on heights attainable which had applied 
when Conventions relating to airspace had been drafted. The forth- 
coming X-15, intended to permit human aircraft flight up to 100 miles 
high, was in effect both an aircraft and a spaceship. Such developments, 
in the speaker’s opinion, did not mean that the limit of national air- 
space should automatically be raised. 

As regards outer space, there was more than mere doctrine to indicate 
that national sovereignty did not extend there. In the publicly announced 
plans for both Russian and U.S. satellites, permission for the satellites 
to pass over other countries at a height of several hundred miles had not 
been requested. No country, furthermore, had objected. Proposals had 
been made in various quarters for an international agreement to ensure 
that space flights should be made for peaceful purposes only. The entire 
course of international conduct indicated that outer space was not the 
property of any one state; from a legal point of view it was similar 
to the high seas. 

The fact remained that the two satellites now in orbit passed only 
125 miles from the Earth at their closest points—much nearer than had 
previously been thought possible. And they were being slowed down 
by the atmospheric drag in that region. While the air density was here 
not sufficient to support flight, it was sufficient to affect flight. 

This led the speaker to put forward his own conclusions in the form of 
three proposals. Firstly, history would demonstrate that airspace, and 
national sovereignty, extended to the height at which the density of the 
gaseous atmosphere failed to support flight. Secondly, it seemed clear 
that outer space was beyond the sovereignty of any State. Thirdly, an 
international decision must be made concerning the intermediate region, 
which might perhaps extend from 50 to 500 miles high. It would be 
wise to agree internationally on this last point since, without an inter- 
national decision, the term “airspace” might be interpreted to include 
that portion of the gaseous atmosphere which affected, rather than 
supported, flight. A final incidental point was that, while satellite flight 
was not | y the same as the flight of an aircraft as now understood, 
it seemed to the speaker that the State which launched a satellite should 
certainly be responsible for its international good conduct. 

During the brief discussion — which followed his talk, Prof 
Cooper said that the principle of national sovereignty of airspace up to 
the limit at which control could be exercised could lead to serious 
difficulties. A small State might be capable of exercising control up to, 
say 20 miles while its neighbour, a more powerful State, might be 
effective up to 200 miles. It was an open question whether less 
nationalism and more freedom of airspace in the early days would or 
would not have improved the legal situation today. 
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Supersonic Bombardment Weapons 
By D. E. BAILEY, M.A., Ph.D.* 


HE advent of the atomic bomb in 1945 heralded a new era in 
bombardment weapons, the use of the V.1 and V.2 having 
given an indication of the means by which these new weapons 
uld ultimately be delivered. A nuclear warhead can be carried 

) its target in several ways. It can be fired from the ground in 

ther a ballistic missile or a flying bomb, or can be carried in 

bomb released from an aircraft. To release a conventional bomb, 

e aircraft must approach within a few miles of the target. With 

sophistication of guided-missile defence systems such an 
ipproach will become very hazardous for the bomber, and for this 
eason the conventional bomb must be superseded by the stand-off 
flying bomb, released outside the perimeter of the defences 

Because of its high speed, the ballistic missile is difficult to 

iutercept; but as a consequence of this speed it presents heating 

roblems during its re-entry into the atmosphere. Guidance must 
be very accurate during the early stages of flight, because a ballistic 
missile cannot be controlled once it leaves the atmosphere. Such 
missiles are heavy and require special launching sites. A flying 
bomb, on the other hand, never leaves the atmosphere and can be 
guided throughout its flight in the same manner as an aeroplane 
It does not need to be launched with great precision. and it can be 
despatched from a mobile launcher, or released from an aircraft 
In order to reach its target, a flying bomb must fly sufficiently high 
ind sufficiently fast to evade the defences. 

he skip vehicle is a hybrid between a flying bomb and a ballistic 
nissile. It has wings and can be controlled in the same way as 

flying bomb, but a large part of its flight is spent outside the 
itmosphere in a series of ballistic skips. After launching, the 
nissile climbs rapidly and leaves the atmosphere on a ballistic path 
On re-entry, lift is applied and the vehicle pulls up into a second 
ballistic skip. This oscillatory motion is continued throughout the 
flight, and is illustrated in Fig. 1, in comparison with the trajec- 
ories of a ballistic missile and a flying bomb. The skip trajectory 
s only efficient for a long-range missile travelling at high speed 
Because of its heavy weight and large wing-area, a vehicle flying 
such a path cannot be carried by an aircraft and is suitable only for 
ground-launching. 

It will be seen from Fig. 1 that, after acceleration and climb to 
iltitude, the major part of a flying bomb’s trajectory is nearly 
.orizontal. It is the purpose of this article to consider different 
types of these trajectories and to discuss the flight-path optimiza- 
tion problems involved 

Of all the design parameters which have to be determined the 
type of powerplant has the most marked effect upon the shape of 
the trajectory. The cruise motor can be a rocket, turbojet or ram 
jet. For air-launched missiles the cruise motor can be supple 
mented by a boost rocket which may be retained or may be 
jettisoned after its fuel is exhausted. Ground-launched missiles 





*Head of Assessment Section, Weapons Research, A. V. Roe and 
Co., Ltd. 


This photograph, taken 
through a telephoto lens 
near Patrick A.F.B., Florida, 
shows the vertical launching 
of the big Navaho super- 
sonic ramjet-propelled, long- 
range missile. Navaho is 
described on page 901. 
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Launch of a GAM-63 Rascal air-to-surface weapon (described on 
p. 894) from a B-50, during development trials at Holloman A.F.B. 


have, in general, jettisonable rocket boosters. Once the type of 
powerplant and general aerodynamic configuration have been 
determined, the optimization problem reduces to a detailed con- 
sideration of powerplant size, wing area, fuel volume, structure 
weight, maximum speed and flight-path. Most of these parameters 
are interrelated, and optimization is equivalent to finding the best 
compromise between them. For each configuration an optimum 
flight-path can be found (the expression “flight-path” is used to 
include the variation of both altitude and speed). It has already 
been stated that the major factor affecting the flight-path is the type 
of powerplant. In the following paragraphs optimum shapes of 
flight-path for different powerplants are considered. 

Before discussing the trajectories in detail it is necessary to 
consider the differences between the propulsion systems, com- 
prising solid-fuelled and liquid-fuelled rockets and turbojets and 
ramjets. Rockets yield a maximum thrust which is nearly indepen- 
dent of speed and altitude. Solid rockets give a fixed thrust, but 
the thrust of liquid rockets can be controlled. At the same thrust, 
liquid rockets have a better specific fuel-consumption than solid 
rockets, but a greater structure weight. The maximum thrust of 
turbojets and ramjets at a given speed in the stratosphere is nearly 
proportional to kinetic pressure. The variation of thrust (T) 
divided by kinetic pressure (p) is shown in Fig. 2 for a typical 
turbojet with reheat and a typical ramjet of the same diameter. 
Below the tropopause these values of T/p are reduced. A ramjet 
is a lighter engine than a turbojet of the same diameter. The 
specific fuel consumption of a rocket is many times that of a turbo- 
jet or ramjet. If a ramjet is controlled to a thrust below its 
maximum, the reduced fuel-air ratio leads to a lower specific 
fuel-consumption. 

rajectories of rocket-powered flying bombs are of two broad 
types: boost-glide and boost-cruise. In both cases, and whether 
ground-launched or air-launched, the missile is boosted tran- 
sonically, and then climbs fairly steeply. In the boost-glide case 
maximum thrust is maintained until the fuel is exhausted at a high 
Mach number, and the missile glides without power for the 
remainder of its flight. It accelerates and glides with maximum 
L/D (lift-drag ratio), climbing during the acceleration and des- 
cending during the glide. On reaching the target it turns over into 
a steep dive. A trajectory for a ground-launched rocket-propelled 
boost-glide missile is shown in Fig. 3. In the boost-cruise trajec- 
tory, on the other hand, maximum thrust is maintained until the 
missile reaches its predetermined maximum cruising speed. There- 
after the missile cruises in a nearly horizontal path at the maximum 
L/D, climbing slowly as fuel is used. A trajectory for an air- 
launched boost-cruise missile is illustrated in Fig. 4. In general, 
greater range is achieved for the same configuration by flying 
a boost-glide rather than a boost-cruise trajectory, but the heating 
problem at the higher speeds of the former necessitates the carriage 
of additional equipment and an increase in structure weight. For 


Fig. 1. Trajectories for ballistic missile (A), skip vehicle (B) and flying bomb (C). Fig. 2 (right). 
Variation of thrust/kinetic pressure with Mach number in the stratosphere for a typical turbojet 
with reheat (A) and a typical ramjet (B) of the same diameter. 
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Fig. 3 (left 
Trajectory for an air-launched rocket-propelled boost-cruise missile 


STAND-OFF BOMBS... 


rocket-powered missiles detailed optimization of the climb leads 
to achievement of maximum range 

Air-breathing engines have an upper limit of speed at which they 
can be used. A Mach number of approximately 3 is the ultimate 
limit for turbojets, and a Mach number of about 5 for ramjets. It 
is, therefore, clear that trajectories for missiles with air-breathing 
engines must be of the boost-cruise type. The cruise is flown at 
the maximum L/D, and, because of the variation of thrust with 
altitude, engine size and wing area must be matched to the required 
performance. In the case of the ramjet it is desirable to fit larger 
engines and to cruise with reduced thrust. The effect of the extra 
engine weight is more than compensated by the reduction in 
specific fuel-consumption so obtained. The optimum cruise 1s, 
therefore, flown at maximum L/D = s.f.c. 

Ground-launched turbojet and ramjet missiles must be boosted 
transonically to a speed at which their own engines can take over. 
They then accelerate in a gentle climb until the cruising altitude is 
reached. 

For air-launched turbojet and ramjet missiles all-up weight is 
very important, because of the limitations of the carrying aircraft. 


ROCKETS FOR RESEARCH 


4) To determine the undisturbed ambient pressure at various 
altitudes: three Pirani pressure gauges carried in the rocket cone, one 
measuring ram pressures at the tip, and the other two measuring cone 
wall pressures. (An R.A.E. investigation.) 

France and Japan. French work on sounding rockets has 
included the massive Veronique, a development of the German 
V-2 with a payload of 130 lb. This rocket has attained an altitude 
of 84 miles, and incorporates 20-channel telemetry. Work on 
Veronique, which has recently been displayed with modified fin 
surfaces, is taking place at the Colomb Bechar research centre. 

In Japan, the 1.G.Y. programme includes two sounding-rocket 
projects designated Kappa and Sigma. The former involves a multi- 
stage, solid-propellant rocket designed to carry a 15 lb payload to 
80 miles; and the latter is a rockoon system with a small rocket 
total weight about 25 Ib) having a peak altitude of 55-65 miles. 
I'wenty Kappa rockets are being fired from the Akita test centre 
of Tokyo University in northern Japan, and will measure air 
pressure, solar radiation, ion density, cosmic rays, temperatures 
and winds 

The Soviet Union. Russian efforts in the field of high-altitude 
research have already produced the world’s first two artificial 
satellites. This tremendous achievement, and the new knowledge 
it provides, must be at once the most important and the most 
interesting facet of Russian research; it is supported, nevertheless, 
by a large-scale programme of sounding-rocket measurements. 
Referring to Soviet IL.GY. participation, a Moscow scientist said 
recently that over 100 research rockets were to be launched to 
50-125 miles from three sites. 

The first sputnik launched on October 4, is a 23-inch sphere 
weighing 184 lb. It carries two radio transmitters (29.005 and 
40.002 Mc/s) which continued to operate for three weeks, and 
which were stated by Pravda to have transmitted (by variations in 
frequency and timing) measurements such as temperatures. 

Concerning the experimental data which artificial satellites in 
general would provide, Pravda noted these points: 

‘As regards cosmic rays, the programme provides for the study of the 
relative content of various nuclei in primary cosmic radiation. In par- 
ticular, scientists are to determine the relative content of the nuclei of 
lithium, beryllium and boron, and also high-charge nuclei. . . . 

“The Sun’s short-wave radiation has not so far been studied because 
of its absorption by the atmosphere. The satellite, revolving at a great 
height, will make it possible to study the ultra-violet and X-ray sectors 
of the solar spectrum and to determine the variations in the intensity of 
solar radiation. This will be most important, for it is now believed that 
it is the Sun’s short-wave radiation that causes the ionisation of the 
upper layers of the atmosphere. Since the Sun's short-wave radiation 
is caused by the corona, the data received will provide new information 
about the structure of the corona. 

“In addition to the Sun’s short-wave radiation, the processes in the 
upper layers of the atmosphere are greatly influenced by the Sun’s 
corpuscular radiation. Because of this, it is most important to establish 
the nature of the corpuscular radiation, its intensity and the power 
spectrum of the particles shot out by the Sun and to establish the role 
of the Sun’s corpuscular radiation in the auroral displays. . . . 


Trajectory for a ground-launched rocket-propelled boost-glide 
Fig. 5 (right 








RANGE 


missle. Fuel is exhausted at the point marked (A). Fig. 4 (centre 
Climbs for air-launched turbojet (A) and ramjet (8) missile 


in order to retain as much missile fuel as possible for the cruise, 
it is desirable to reduce the size of the rocket boost to a minimum, 
particularly if the booster is not jettisoned. A turbojet missile can 
be flown without a rocket, but in the ramjet missile a rocket boos: 
is essential, since the ramjet will not give thrust until the missile 
is flying supersonically. Normally, after a period of initial accelera- 
tion, the missile powered by an air-breathing engine accelerate 
in a gentle climb until its cruise altitude is reached. Speed and 
altitude must be matched during this climb to keep the engine 
internal pressure to a minimum, thus permitting the use of a 
lightweight engine. For a turbojet missile the initial period of 
acceleration can take place in nearly horizontal flight, but for a 
ramjet missile it is desirable to accelerate in a dive; potential energy 
is changed into kinetic energy and the speed at which the ramjet 
can take over is thus achieved as soon as possible. The ramjet fuel 
used in climbing to regain altitude is small compared with the 
rocket fuel saved by this manceuvre. Climbs for turbojet and 
ramjet missiles are compared in Fig. 5. 

It is clear from the foregoing that the choice of powerplant for 
a flying bomb depends upon the range and speed that is required 
The general shape of trajectory can then be determined, but 
detailed optimization is very important. 


(continued from page 888) 


“Of considerable interest will be the study of electrostatic fields at 
great heights (in the region of 600 miles). The satellite will also help to 
establish whether the Earth with its atmosphere forms a charged or a 
neutral system. .. .” 

The second sputnik, launched on November 3, was stated to be 
carrying a payload (including dog) of 1,120 Ib and to have an initial 
apogee (furthest distance from the Earth during orbit) of about 
1,055 miles. Its radio and telemetry equipment ceased to function 
after one week. A published diagram showed this satellite not to 
be spherical, but to consist of the last stage of a rocket. The dia- 
gram, together with additional technical details of the satellite, 
was printed in Flight of November 22. 

Certainly the most generally interesting, and possibly the most 
significant, aspect of the second satellite, was the fact that it carried 
a living animal inside it. In the dog’s hermetically sealed chamber 
was measuring equipment to record the animal’s physiological 
functions and also equipment for air regeneration and feeding. 
The pulse-beat and breathing of the dog, together with its arterial 
blood-pressure and cardial biopotentials and the temperature and 
pressure in the chamber, were recorded and telemetered to the 
ground stations. 

In order to regenerate the air inside the chamber and maintain 
the required gas composition, highly active chemical compounds 
were employed, giving off the necessary amount of oxygen for 
inhalation, and absorbing carbon dioxide and the surplus vapour. 
Owing to the absence of air convection in conditions of zero gravity, 
an arrangement for forced ventilation was installed. 

Although short-duration flights up to 120 miles had previously 
been made by animals in upper-air rockets launched from the 
U.S.A., the dog Laika’s journey in Sputnik II was the first in 
which it was possible to study the protracted effects of zero gravity 
on a living organism. 

An intriguing postscript to the Sputnik II reports was given 
in Moscow on November 21 by Professor Vitaly Ginzburg, who 
said that observation of satellite orbits might provide verification 
for certain parts of Einstein’s general theory of relativity. Par- 
ticular effects in this theory which could be checked included the 
lag in cosmic time behind Earth time. 

This is the effect which is claimed to produce the anomalous 
behaviour often referred to in science-fiction stories and descri 
by Ginzburg as follows: 

“The difference in the time readings on the Earth and on the 
satellite will be very small, amounting to no more than some 
hundredths of a second per year. Considering the universe with 
its cosmic speeds as a whole, however, the effect will add up to 
many months and even years. The passengers of some future 
photon rocket leaving the Earth on a space trip of several years— 
according to their scale of things—will return to Earth in a matter 
of dozens of terrestial years. Such a trip is largely in the realm of 
fantasy, but is perfectly feasible in principle.” 

It is in these directions—tomorrow’s directions—that today’s 
rockets for research are pointing. K. T. O. 
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MISSILES 1957 . . . continued from p. 880 \__| 


U.S.A. 
AIR-TO-AIR 


B.D.M. In our 1956 review we published 
yotes on the various bomber-defence missile 
ystems then current. No weapon system has 
been so hesitantly played with in recent years, 
but the two examples quoted below are still 
active programmes. 

WS-126A It is intended that this system 
should replace the gun turret at present carried 
by the B-52. Engineering manager is Cornell 
Aeronautical Laboratory and among the com- 
panies involved are Bell Telephone Labora- 
tories, Hughes Aircraft and Raytheon. The 
last-named examined the unique problems of 
cross-wind and rearwards launching with test 
vehicles fired one year ago from sleds at Hollo- 
man. Cornell’s data has been turned over to 
industry and, although still bearing high 
priority, the system is in partial abeyance. 

WS-132A This is the B.D.M. for the 
WS-110A  chemical-fuel supersonic-cruise 
bomber (for which either Boeing or North 
American will receive a contract in a matter 
of weeks). There were two systems involved, 
one by G.E. and McDonnell and the other by 
Westinghouse and Republic, but both are 
reported to have been terminated late last year 
*resumably the programme will be re-activated 
when the configuration and performance of the 
aircraft are known with certainty 

Diamondback It is known that the Side- 
winder family of heat-homing air-to-air mis- 
siles is being progressively improved and 1s 
leading to more sophisticated weapons 
Diamondback (likewise a member of the 
rattlesnake family) is reported to be the desig- 
nation of one of these weapons 

Duck Originally reported in 1956 to be 
part of the weapon system of the Convair B-58 
WS-102A/L), Duck is stated to be an air-to- 
air weapon of the U.S. Air Force intended for 
the armament of “long-range supersonic 
bombers.” Fairchild is reported to be the 
prime contractor and the system is said to 
have been in the research and development 
stage in July of this year. It is related to the 
Goose missile referred to on page 899. 

Falcon One of the first air-to-air weapons 
to go into service anywhere in the world, Falcon 
is small enough to be carried and fired in salvo 
by U.S.A.F. intercepters. Development of the 
system as it is known today began under the 
management of Hughes Aircraft in 1950; the 
history was related in our 1956 review 

At the Hughes plant at Tucson, Arizona, 
there are now two types of Falcon in produc- 
tion: the GAR-1 series with radar guidance 
and the GAR-2 series of infra-red heat-homers. 
Many thousands of examples of the former 
family are in service with the U.S.A.F. Air 
Defense Command, current production being 
centred on the GAR-1D. The cylindrical body, 
for which Solar Aircraft at Des Moines is a 
major sub-contractor, is built up from magne- 
sium castings. It houses beneath a bonded 
radome a semi-active radar which receives 
coded pulses from the intercepter reflected by 
the target. The warhead is relatively small, 
and at the rear is the Thiokol M58-E4 solid 
sustainer motor. Around the nose are four 
stabilizing fins and at the rear is a cruciform 
of wings; the latter are built up from a magne- 
sium frame with a glass-fibre laminate skin, 
cured to give an inward buckle over unsup- 
ported portions so that differential expansion 
due to aerodynamic heating gives better stress 
distribution. At the rear are the control sur- 
faces which, in the 1D and later versions, are 
carried well aft of the wings 

Production GAR-1Ds cost about $19,000 
when they entered production last year, and 
about $12,000 today. Compared with their pre- 
decessors they have better performance and 
manoeuvring power at high altitude. The wea- 
pon is carried by all the A.D.C. aircraft, and 
by the F-101B which has a triple installation 
on a rotary door 

Similar in external configuration to the 
GAR-ID, the infra-red GAR-2A was planned 
in 1952; it is in production at Tucson at a cost 
of rather more than $9,000. Like most infra- 
red weapons, the seeker head is slaved to the 
target before the round is fired, and the hom- 
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Douglas MB-1 Genie Air-to-air. Solid sustainer motor. Length, estimated at 
9ft; diameter, about 17in over the warhead; firing weight, probably about 1,000 Ib 


ing accuracy is reported to be fractionally 
better than that demonstrated by the radar 
Falcons. A surprisingly large contract is the 
$2.25m awarded last month to the Hamilton 
Watch Company for “aircraft data recorders” 
in the development of the GAR-2 system. The 
infra-red Falcon has behaved extremely well 
when fired by F-102As against =IM-61A, 
QF-80 and other aircraft and air-launched 
rockets. Mixed with radar GAR-IDs it should 
be possible to achieve a_ kill-probability 
approaching 90 per cent with good resistance 
to countermeasures Compared with the 
GAR-8 (Sidewinder), GAR-2 is a more sophis- 
ticated, all-weather system 

Genie Several years ago Douglas studied 
the concept of an air-to-air weapon with a 
nuclear warhead, and this was re-activated in 
1955 to produce a weapon which would be 
lethal to attacking aircraft over a very wide 
radius, Originally the device was called Ding 
Dong, and later High Card, but its present 
soubriquet is that given above, and the desig- 
nation is MB-1 

Douglas remain managers for the complete 
system, which includes substantial pylons on 
the carrying aircraft. As the drawing shows, 
the missile has no wings, and guidance takes 
the form of gravity-correction and rudimentary 
steering effected by the four movable fin-tips 
Propulsion was to have been effected by an 
N.A.A. Rocketdyne liquid-propellant motor, 
but the sustainer is now a solid charge by 
Aerojet-General which burns for the first 
9,000ft of flight. At the front is the warhead, 
developed at the Los Alamos laboratory of the 
A.E.C., with a yield of about 1.5 kilotons 

In 1955 a similar warhead was ballistically 
dropped at Holloman, and the complete weapon 
system has been one of the major responsibili- 
ties of the 4950th Test Group (Nuclear) of the 
A.R.D.C. since that time. Numerous rounds 
have been fired with conventional warheads, 
and Ting-a-ling is given as the name of a 
training version with a spotting charge. First 
aircraft capable of using the MB-1 system is 
the Northrop F-89J, and most of the earlier 
F-89s are being converted to this standard. 
Hughes received a $380,139 contract last month 
for the MG-12 fire-control system (a develop- 
ment of the E-9 used in the F-89H), which 
both fires the weapon and detonates its war- 
head. The flexibility of the MB-1 system per- 
mits attack from any direction, rendering 
collision-course fire-control inappropriate. A 
round was fired at 18,000ft from an F-89J last 
summer at Yucca Flat, Nevada, the aircraft 
pulling 3g to escape as soon as the missile left. 
The weapon travelled about 6,000 yards hori- 
zontally and was detonated by ground com- 
mand; numerous observers were unprotected at 
ground-zero but suffered no ill effects. 

Very large scale production is expected to be 
undertaken at Santa Monica for the U.S.A.F. 
Air Defense Command. Principal future car- 
riers of MB-1 will be the Convair intercepters; 
the F-102 can be equipped to carry it on its 
underwing-tank pylons and the F-106 was 
designed to carry the weapon internally as its 
primary armament. In addition to procurement 
of the MB-1 for current use, the Air Force has 
asked for $19.1m to buy “mobilization reserve 
stocks.” 


Sidewinder Owing to its simplicity and to 
the large number manufactured, this is un- 
doubtedly the cheapest homing missile in the 
world, yet it is an effective weapon for high- 
performance day-fighter aircraft. As we des- 
cribed in our 1956 review, Sidewinder was 
developed between 1948 and 1952 by the 
N.O.T.S. at China Lake, Cal., and has for 
three years been produced to BuOrd contract 
by the Philco Corporation. (General Electric 
have been second-source manufacturers for 
almost two years). 

Beneath the hemispherical glass nose is a 
PbS infra-red seeker which, with its mirror 
system, occupies an axial distance of 4in. Be- 
hind is the guidance equipment, for which the 
Avion Division of A.C.F. Industries are sub- 
contractors, followed by the servos which 


operate the canard controls which are stabilized 
by a tiny turbine running at very high r p.m 
The warhead has a total of 5 Ib of high explo- 
sive with Honeywell fuzing, there being an 
nfluence fuze lethal up to 3>ft-radius supple- 
mented by contact fuzes at the tips of the 
control surfaces. The rear 75in of body houses 
the solid sustainer motor by Norris 
Thermador, Hercules Power Company or 
Hunter Douglas. he charge is composed of 
propellant grains which are rolled into a sheet 
used to form a cylinder, which in turn is ex- 
truded to give a compact motor, the nozzle 
being 7in long and having an inside diameter 
of 3in. Burning time is two seconds 

Like most infra-red air-to-air weapons, Side- 
winder’s seeker operates from the moment its 
parent aircraft takes off. When the pilot hears 
the seeker in his earphones he triggers a switch 
which fires the solid-propellant gas generator 
which drives the accessory turbine, making 
power available for the guidance and control 
systems. The generator also provides current 
for the igniting squib of the sustainer motor 
In spite of its exceptionally low diameter 
length ratio, the missile can manoeuvre at from 
10 to 14 g. Training missiles have a special 
exercise head, which explodes in a white flash 
for a miss or a red flash for a hit. Approxim- 
ately seven out of ten Sidewinders fired during 
development and training have hit their targets, 
and several drones have been destroyed by 
the impact of unfuzed Sidewinders 

Several thousand rounds have now been 
delivered by Philco, against a number of con- 
tracts.. For FYS7 the Navy told Congress that 
each round cost “about $3,600,” but it has 
been questioned whether this includes the 
whole expenditure. Appropriation for FY58 
amounts to $38m and the missile is widely 
used throughout all carrier-based day-fighter 
squadrons. 


GAR-8 This is the U.S.A.F. designation 
of Sidewinder, for which quantity inventory 
procurement was made under FY58; G.E. were 
awarded a $17m_ production contract i: 
October 1956. The GAR-8 incorporates a 
General Electric guidance unit and has been 
intensively engaged in air-firing since March 
Principal carrier of GAR-8 is the F-104, which 
first fired the missile in May. 


Sparrow The original Sparrow family was 
evolved for the Navy Bureau of Aeronautics as 
project Hot Shot by the Sperry Gyroscope 
Company. Test firings began in 1947 and the 
eventual Sparrow I, designated AAM-N-? 
was evolved early in 1951, The weapon became 
operational in 1955 with both Atlantic and 
Pacific Fleets by which time ten years and four 
million engineering man-hours had gone into 
the system 

The basic missile has a pointed nose, a solid 
sustainer motor (by Aerojet-General, concen- 
tric grains with a plastic base) fixed tail fins and 
a moving wing cruciform. Guidance and con- 
trol incorporates multi-axis gyros and accelero- 
meters, aerials and receivers for detecting the 
intelligence in the fighter’s radar beam, com- 
puting circuits to shape the signals to obtain 
proper beam-riding and servo-mechanisms for 
positioning the wings. The trajectory immedi- 
ately after launching is controlled by inertial 
elements. Power supplies are furnished by 
electrical batteries and a high-pressure hydrau- 
lic accumulator, both close to the wing servos 

In June 1951 the Sperry-Farragut Division 
of Sperry-Rand was organized to build, equip 
and operate a Naval Industrial Reserve Air- 
craft Plant at Bristol, Tennessee. The 537,000 
sq ft plant has produced thousands of Sparrow I 
missiles, conducting the manufacture, test and 
delivery of the whole system. No Sparrow 
prices have been published, but the break- 
down of costing is as follows: avionics, guid- 
ance and control, 75 per cent: airframe, 12) 
per cent; propulsion, 6} per cent; warhead, 3} 
per cent; remainder, 2} per cent. Sparrow I 
went out of production one year ago 

Sparrow II This missile is described in the 
section dealing with the Dominion of Canada 
on page 876. 
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Sparrow III Although bearing the name of 
the Sparrow family and stemming from the 
earlier systems of that name, the new Sparrows 
are completely redesigned and far more effec- 
tive weapons. Sparrow III incorporates, within 
the Douglas-developed airframe of Sparrow II, 
a new all-weather radar system, almost cer- 
tainly of the fully-active type, which gives the 
new missile extremely good guidance through 
rain, clouds and other atmospheric phenomena 

System manager is the Raytheon Manufac- 
turing Company of Waltham, Mass., who 
received a $60m contract for the Sparrow III 
system in October 1956. Early this year the 
company took over from Sperry the manage- 
ment of the N.I.R.A. plant at Bristol, Tennessee, 
and the weapon is now coming into full produc- 
tion and should become operational with the 
U.S. Navy next year. Sparrow III has a much 
bigger body than Sparrow I and also has larger 
aerodynamic surfaces for improved perform- 
ance at altitude 


AIR-TO-SURFACE 


Bulldog Not yet referred to officially, this 
weapon is reported by the American Press to 
be an extension of Bullpup (g.v.). The range 
of Bulldog is given as 25,000 to 30,000ft and 
its burn-out speed about Mach 2. 

Bullpup ‘This neat air-to-surface weapon 
has been described as a 250-lb bomb with 
minimum propulsion, guidance and control. It 
was the winner in a Navy competition, entered 
by 14 companies, for a device capable of accur- 
ately hitting localized tactical targets without 
exposing the crews of manned tactical and 
carrier-based aircraft to intense defensive fire. 
Prime contractor is The Martin Company, who 
developed Bullpup from the initial brochure 
to completion of Phase A tests in under two 
years 

Propulsion is effected by a smokeless solid- 
propellant sustainer, reported to be produced 
by Aecrojet-General. Above and below the 
motor nozzle are faired two tracking flares, and 
the missile is steered by command guidance— 
for which Republic Aviation is a sub-contractor 

from the parent aircraft. Lift and control is 
provided by canard foreplanes and a cruciform 
of trapezoidal wings. Martin have emphasized 
that the inherent simplicity of Bullpup has held 
down system cost and facilitated rapid develop- 
ment. Production for the U.S. Navy and 
Marine Corps will shortly start at Orlando, 
and a variant is expected to be operated by 
the U.S.A.F. 


Corvus Although a weapon system with 
this name was first reported in the winter of 
1954-55, no official reference to it was made 
until the beginning of this year. In January the 
U.S. Navy Bureau of Aeronautics awarded 
Temceo, of Dallas, Texas, a $16m study con- 
tract for a complete weapon system with this 
name 

The missile is a large, long-range, winged 


Hughes Falcon GAR-2A Air-to-air. Solid internal 

sustainer. Length, 77.8in; wing span, 20in: body 

diameter, 6.5in; firing weight, 122 ib (GAR-1D is 

110 Ib); burn-out speed, over Mach 2; operational 
range, about 5 miles 


Philco'G.E. Sidewinder AAM-N-7 § Air-to-air 
Solid sustainer motor. Length, 9 Sin: body dia- 
meter, 4.5in; fin span, approximatety 19in: firin 
weight. 155 Ib; burn-out speed, Mach 2.5; range, 3 

yd at sea level, rising to 6,000yd at altitude 


weapon stated to be under development for 
“a new Navy strike fighter”; presumably it 
would be carried by such aircraft as the A3J, 
F4H and F8U-2. Surprisingly, it is reported un- 
officially that Corvus is descended from the 
Fairchild Lark anti-aircraft weapon (which was 
of cruciform configuration and certainly did 
not have long range). It was stated last month 
that the decision to employ a solid sustainer 
motor for Corvus had “proved the death blow 
to U.S.A.F. interest” owing to the fact that it 
was considered impracticable to stretch the 
range to the figure required by the U.S.A.F. 
unless a liquid motor were fitted. Temco are 
handling most of the Corvus work at Garland, 
Texas, where 3,000 will be employed next month. 


Crossbow As far as is known, this weapon 
system is the only operational contract held 
by Radioplane, a division of Northrop Aircraft 
Radioplane were originally an associate com- 
pany of Northrop holding corporate status). 
Bearing the U.S. Air Force designation 
GAM.-67, the Crossbow prototype was reported 
to have been in the assembly stage in June last 
year, and during the summer of this year 
development prototypes were undergoing 
evaluation trials at Holloman A.F.B. 

Little is known of the missile except for the 
fact that it is winged, air-launched and 
powered by a turbojet—probably a Westing- 
house J81 (Rolls-Royce Soar)—at a level speed 
of approximately 500 knots. Bendix-Pacific 
have been supplying telemetering equipment 
for this system. In a recent House of Repre- 
sentatives discussion it was indicated that 
Crossbow had been “reoriented” (sic), and it 
seems that, owing to lack of money, the pro- 
gramme may not proceed beyond the develop- 
ment stage. 


Green Quail This code name, reminiscent 
of those applied to British weapon systems, 
identifies the U.S. Air Force GAM-72 diver- 
sionary air-to-surface missile. Launched from 
a B-58 or equally important attacking aircraft, 
GAM-72 carries no warhead but is equipped 
with powerful countermeasures (presumably 
covering electronic, infra-red, sonic and all 
other possible systems) which should ensure 
immunization of its mother-aircraft against 
interception by defending aircraft or missiles. 
Apparently GAM-72 is non-recoverable, pre- 
sumably being destroyed by remote command 
when its task is completed. 

Prime contractor for GAM-72 is McDonnell 
Aircraft, of St. Louis, who in July received a 
research and development contract from the 
Air Materiel Command for $4,539,772. The 
missile itself is stated to be generically related 
to the Corvus family and to be guided by a 
Summers gyroscope (presumably it is con- 
Strained to remain in the general neighbour- 
hood of its parent aircraft, although far enough 
away for the latter to be unharmed by a 
nuclear explosion). Green Quail is stated to be 
in the later stages of development and is 
expected to fly early in 1958. 


Petrel Developed for the Navy BuOrd by 
the National Bureau of Standards and the 
Guided Missiles division of Fairchild, Petrel 
is virtually a Mk 13 torpedo with an added 
wing, aerodynamic controls, a turbojet for air 
cruise propulsion and underwater radar hom- 
ing. It was evolved from the Kingfisher and 
Grebe projects during 1949-1951. Produced 
until early this year by Fairchild at Wyandanch, 
N.Y., Petrel has now been superseded. It is 
operational on the P2V, PSM and (shortly) 
Argus, and is reliable and effective. Fuller 
details were given in our 1956 review. 


Rascal An offshoot of the original Shrike 
programme, and conducted in_ parallel with 
the X-1 and X-2 series of research aircraft, 
Rascal has been a major responsibility of Bell 
Aircraft since 1946. Originally designated 
XB-63, it was the first weapon to bear the 
U.S. Air Force GAM (guided air missile) 
designation, retaining its original number. Bell 
have had complete management of the 
GAM-63 system since 1952 and have since 
been responsible for design, development and 
manufacture of the airframe, propulsion, guid- 
ance, ground-support equipment, launching 
gear, testing devices and training aids. 

All the airborne systems are housed in the 
oval-section fuselage. In addition to warhead, 
guidance and accessory systems, the body is 
occupied by tankage for a rocket engine fitted 
with three superimposed aluminium-alloy 
chambers, each of which can be operated indi- 
vidually to provide thrust control. The pro- 





FLIG! 


pellants are reported to be nitric acid 
petrol, although unsymmetrical dimett 
hydrazine has also been employed. Lift a 
control are provided by upper and lower n 
rudders, a fixed fore-plane fitted with elevat 
a rear-mounted wing, also fitted with elevar 
and upper and lower fins which fold sidewa 
to facilitate ground or air transport. All hor 
zontal trailing edges are blunt, and the str 
ture is stressed for high accelerations 
exceptional angles of attack. 

Warhead yield can vary up to the larg< 
sizes now envisaged, and nuclear charges a: 
stated to be “pre-set.” It is not known wheth 
or not the warhead is designed to separate fro: 
the remainder of the missile, but it is believed 
that there are at least two phases of guidanc 
possibly launching, cruise and terminal. Init 
ally Bell (Aircraft) radar command wa 
employed, but the production weapon ha 
inertial guidance by Federal Telecommunica 
tions Laboratories and Bell Aircraft (Avionics 
Division), with Model IIB accelerometers read 
ing up to +25g up to 350 c/s. Sonar-typ« 
radar is fitted in a radome beneath the nos« 

About 40 XGAM-63s were launched during 
1955-6, chiefly at Holloman from B-36s and 
B-47s. The latter type of aircraft is the only 
operational Rascal carrier. Installation of the 
GAM-63 system converts the aircraft to a 
DB-47, the weapon being accommodated on 
a pylon under the aircraft c.g. on the right- 
hand side; theoretically a DB-47 could have 
two such pylons, the Rascal wing tips almost 
touching on the aircraft centre-line. Contracts 
worth $7,273,176 and $14,757,294 were placed 
in January for further R. and D. and product 
improvement. This was unexpected, since the 
feeling was that Bell were working on a some- 
what aged concept. In June the House Appro- 
priations Sub-committee said they were trying 
to save money by eliminating “duplicative and 
questionable non-ballistic projects.” They did 
not mean only Navaho; Rascal was named, 
and called “marginal.” 

In the event this “marginal” system has 
won through, proving that a bird in the hand 
is worth having. The first production order 
came in August, and was worth $l14m. The 
previous month cognizance for GAM-63 was 
passed from the A.R.D.C. to the Air Materiel 
Command, and pre-production rounds entered 
their final series of tests at Holloman. Four 
Rascals launched from B-47s (at unstated range 
or height), all achieved hits within a circle of 
1,500ft radius. By October Bell’s production 
line at Niagara Falls/ Buffalo was full, and the 
first production GAM-63 was accepted at Pine- 
castle A.T.B. on October 30. 

Wag Tail Likely to be required by the 
U.S. Air Force in very large numbers, Wag 
Tail (not Wagtail) is being developed under the 
management of the Minneapolis-Honeywell 
Aeronautical Division. It is a ground-attack 
missile which will be matched to supersonic 
fighter /bomber aircraft such as the later types 
of F-105 Thunderchief. It will have a warhead 
developed by the Honeywell Ordnance Divi- 
sion and inertial guidance of a relatively simple 
character, for which a sub-contract may be 
awarded to the Guided Missile Division of 
— Aviation. 

arly this year the prime contractor received 
an A.R.D.C. contract for $500,000 covering 
design, mock-ups, tunnel tests and evaluation 
at Eglin A.F.B. This study contract is in hand 
at the Minneapolis-Honeywell Missile Control 
Center in Los Angeles, but will probably even- 
tually be centred at the company’s $4.5m 
missile-guidance plant at St. Petersburg, 
Florida, which was opened in October. 
WS-131B (name not yet allocated) This 
J.S.A.F. weapon-system designation identifies 
an advanced strategic missile of the “stand-off 
bomb” type. It is being designed to the 
requirements of the long-range bombardment 
aircraft of Strategic Air Command, in particu- 
lar the Boeing B-52G. Compared with Rascal, 
already in service with that Command, 
WS-131B is appreciably simpler and has a 
longer range, the requirement of S.A.C. being 
put merely as “several hundred miles.” The 
missile itself is GAM-77. 

Responsibility for the development of this 
system has been vested in the Los Angeles 
division of North American Aviation, who were 
selected from twelve competing companies 
(possibly to soften the blow of the cancellation 
of Navaho, page 901). The U.S.A.F. accepted 
North American’s proposal that the airframe 
should be the responsibility of the Missile 
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Development Division at Downey and that 
guidance and allied components should be 
assigned to the Autonetics Division. The com- 
pany have complete systems responsibility and 
the project is in charge of Dale Myers, pre- 
viously chief engineer of M.D.D. 

A drawing on page 897 gives a provi- 
sional indication of the configuration chosen. 
Supersonic cruise propulsion is provided by a 
single Pratt and Whitney turbojet, a surpris- 
ingly heavy and expensive engine for an 
expendable application. Turbojet propulsion 
was chosen in order to provide plenty of room 
for future growth of the missile, and the gross 
weight is probably of the order of 15,000 Ib. 
During the past two months contracts have 
been formulated, and these are expected to 
total between $25m and $34m from FY58 
funds. The contract will cover the develop- 
ment of the weapon only and it will have to be 
fully proven before production is ordered. The 
U.S.A.F. priority assigned to it is high. 


SURFACE-TO-AIR 


Antis For almost a decade the U.S. Army, 
Air Force and various government agencies 
and other institutions have been conducting 
far-ranging feasibility studies into the prob- 
lem of intercepting an ICBM warhead at a 
safe distance. Several programmes have been 
the subject of study contracts and a number 
of these were listed in our 1956 review. At 
present there are two major systems; one is 
an extension of the Army Nike system (Zeus) 
and the other is the Air Force Wizard system 
with an appreciably more advanced perform- 
ance. These are described below. The key to 
the whole picture is the availability of tracking 
radars with an r.f. power of millions of watts 
yet capable of being kept at instant readiness 
Recent demonstrations of Soviet prowess in the 
large-rocket field have thrown the whole pic- 
ture of Antis into the limelight, and although 
Senator Symington said in September that 
“the idea that the anti-missile is around the 
corner or only five years away is absolutely 
false,” tremendous forces are being marshalled 
to produce an operational system at the earliest 
possible moment. 

Bomarc At present this is the only weapon 
in service in the western world intended for 
area defence—as distinct from point defence- 
against attacking aircraft of all types. Its 
genesis can be traced back to the pioneer work 
on ramjet propulsion conducted by the Boeing 
Airplane Co. in 1945-9. The history was out- 
ined on p. 899 of our 1956 missile review 

As a programme for an operational weapon 
for the U.S. Air Force the work dates from 
1949, and experimental prototypes were first 
fired in 1952. These were originally numbered 
according to the U.S.A.F. piloted-aircraft 
system as XF-99s, but were later redesignated 
IM-99 (intercepter missile). Several dozen 
YIM-99s have been fired from Patrick A.F.B., 
with increasingly good results 

Unlike most anti-aircraft missiles the IM-99 
Bomarc has an aircraft-type configuration, and 
consequently has to bank before it can turn 


" 350 ib; burn-out speed, about 
~ Mach 2.8 


The wing has a thickness ratio of about three 
per cent and a plan-form modified from a true 
50-deg delta shape by tips cut off at the Mach 
angle. The entire outboard portion of each 
wing is pivoted to act as an aileron, and simi- 
larly the tip of the vertical tail and almost 
the entire horizontal tail surfaces are pivoted. 
Propulsive power is provided by twin Mar- 
quardt RJ43 ramjets, each of 28in diameter 
and with intakes of magnesium alloy coated 
with temperature-resistant paint. The RJ43 is 
now in full production at Ogden, Utah, against 
a $30m contract. Each engine is carried on a 
pylon beneath the cylindrical body and is fed 
from kerosine tanks which occupy the whole 
mid-fuselage section. 

Launching of the IM-99 is truly vertical, 
from a special stand equipped with an elevat- 
ing arm. Boost propulsion is provided by an 
Aerojet-General liquid-oxygen/kerosine rocket 
motor mounted in the tail of the fuselage. This 
motor has a single gimbal-mounted chamber, 
the pivoting of which provides flight control in 
the launching phase. There are no c.g. prob- 
lems as the rocket propellants are burnt, since 
the flight-path is vertical. Later IM-99s will 
have a solid boost which can be jettisoned, 
thereby saving much dead-weight. 

There are several guidance systems asso- 
ciated with this weapon. For the realization 
of its full theoretical value the IM-99 requires 
to be operated in conjunction with SAGE, the 
automatic electronic environment planned to 
cover the whole U.S.A. Radar guidance 
Western Electronics Division) applied through 
SAGE, together with a computer (Remington 
Rand) and a ground/air data-link (Motorola) 
controls IM-99 to the vicinity of its target, 
whereupon the terminal guidance, comprising 
airborne active-homing radar supplied by the 
Westinghouse Air Arm Division, takes over 
Transmitter and receiver dishes are located 
in the nose, the latter being a Pastushin glass- 
fibre/resin moulding which minimizes radar 
distortion. The Farnsworth Division of I.T 
and T. is another major guidance contractor, 
who in April announced a $12m sub-contract 
for ground support and go/no-go operational 
test gear. Multiple control and accessory 
circuits are taken outside the cylindrical fuse- 
lage beneath a prominent axial fairing which 
Starts in the guidance section and fades out 
into the fin. The warhead can be of the h.e 
or nuclear type and it has an arming device 
by Erco. 

Although the development to the operational 
configuration has been somewhat protracted, 
the weapon has achieved success. Earlier this 
year the U.S.A.F. decided to put it into the 
inventory of Air Defense Command and it is 
worth noting that it was probably the first 
weapon system to be purchased on the “time- 
phased procurement” policy which now applies 
throughout the U.S.A.F. In mid-May a con- 
tract for $7,109,195 provided for tooling and 
continued development, and the first inventory 
contract was placed at the beginning of Fiscal 
Year 1958, amounting to $139,315,444 (from 
FYS7 funds). It has been suggested that Air 
Defense Command has completed inventory 








Martin Bullipup Air-to- 
surface. Solid sustainer 
motor. Length, 11ft; 
body diameter, 12in; 
wing span, 37in; launch- 
ing weight, 600 Ib; flight 
speed, about Mach 1.8 











maximum slant range, 
reported to be 15,000ft. 
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procurement of the F-104 and that the twenty 
squadrons of IM-99s which will begin to be 
operational late next year will replace that 
urcraft. A production IM-99 is calculated to 
cost $350,000 

Boeing were anxious to establish a separate 
division to manufacture the production IM-99 
but, U.S.A.F. support for a new facility not be- 
ing forthcoming, assembly operations are be- 
ing conducted at Plant 2 in Seattle. Fully 70 
per cent of the weapon system is sub-con- 
tracted, and production is building up rapidly 
assisted by 100,000 sq ft of a facility taken 
over early this year from the Army Corps of 
Engineers). Boeing are still flying a B-57 with 
the first 17ft of IM-99 (including the complete 
airborne guidance system plus nitrogen and 
ammonia systems for cooling and pressuriza- 
tion) mounted in the nose and controlling the 
flight of the bomber. Numerous tests against 
target drones have taken place recently. Boe- 
ing achieved a spectacular “splash” of a QB-17 
in mid-October, when an unarmed IM-99 
was fired at Patrick A.F.B. (nearest control 
point more than ten miles from the pad), 
climbed to its operational height of 60,000ft, 
found the drone over one hundred miles from 
the coast, dived on it and destroyed it by im- 
pact. Current test programmes include: an 
investigation at Los Alamos and Arco into the 
effect of nuclear blast and radiation on the 
guidance transistors; testing undertaken by 
Boeing’s Pilotless Aircraft Division in which 
airframes are being subjected to thermal test- 
ing in an oven; and bombardment with poly- 
ethylene pellets from a 0.22 rifle in simulation 
of flight through a rainstorm. At Harbor Island, 
Seattle, Boeing have established a training 
school, simulating a complete IM-99 base, 
which is now passing out personnel from the 
U.S.A.F. and sub contractors. 

Several advanced versions of IM-99 are on 
paper and initial studies are being made with 
Boeing money. The increased warning time 
now available to A.D.C. units may lead Boe- 
ing to produce a super-Bomarc with high 
energy “zip” fuel and greater range to meet 
the I.M.X. specification. Nevertheless, it is 
pertinent to quote Rep. Mahon who pointed 
out that complete IM-99/SAGE coverage 
“might run the total picture to $50B or 1008 
for the defense of the U.S.” 

Hawk Developed for Army Ordnance by 
the Raytheon Manufacturing Company (under 
Redstone supervision), the Hawk system is com 
plementary to the Nike system, with its cap- 
ability of destroying low-altitude attackers 
Compared with previous American anti-air- 
craft systems, Hawk is relatively simple and 
singularly mobile, being transportable by air- 
craft or helicopter and capable of deploying up 
to forward areas of a battlefront 

It is remarkable that Raytheon, an electronics 
company, should be prime contractors in two 
major weapon systems (the other is Sparrow 
Ill Their guidance made the Fairchild Lark 
the first “Western” missile to destroy an air- 
craft. In recent weeks their Missi'e Systems 
Division has been moving to a new ¢ 0,000 sq ft 
office and laboratory at Waltham 

As the drawing (p. 898) shows, Hawk has a 
cruciform of one-piece cast wings, with about 
80 deg leading-edge sweep, which are bolted 
axially to the body. The boat-tail fairing con 
ceals four jacks which operate the hinged trail- 
ing-edge contro] surfaces. The external skin 
of the rear body is actually the wall of the 
solid-propellant sustainer, thus greatly reduc 
ng weight. Thiokol was the original power 
plant contractor, but production Hawks have 
an Aerojet-General motor incorporating two 
solid charges in one chamber, the first being 
a rapid-burning portion to give high initial 
thrust 

Semi-active monopulse (Doppler ?) radar 
detects and tracks the target “in the blind spots 
of conventional radar.” The lamp set has two 
dishes of unusual form, and is situated in the 
vicinity of the launcher. At the end of October 
the Army stated that the radar “can pick out 
reflection from a moving target at low altitude 
from a mass of signals reflected from ground 
objects.” The missile itself has an ogival nose 
radome. Films have shown that Hawk can 
discriminate between numerous targets and pick 
on one previously selected. 

In October Northrop Aircraft (Anaheim 
Division) were awarded $20m for the develop- 
ment and manufacture of airframes. Northrop 
have responsibility for aerodynamic perform 
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4 major proportion of the airframe, the 





nobile launcher, pallet and reusable container 
4 tracked vehicle carries three rounds at a ume 
und loads them on to the launcher. About 40 
acres are needed for a site, weapon storage 
being underground. Several locations have 
been selected, including areas around New 
York and Washington/Baltimore. Fire con 
ontrol of Hawk can be co-ordinated by the 
Missile Master. Last month the prime con 


or received $35m for continued develop 
ment and production, $6m of this being rele 
vant to plant-preparation and tooling. Develop 
ment rounds have been manufactured at 
Andover, Mass., and the complete Hawk system 
is now in pre-production, the Northrop com- 
ponents being planned for production at North 


Dighton, Mass 
Nike Ajax (originally Nike I This famous 
U.S. Army anti-aircraft weapon is the most 


widely employed missile in the world, and is 
one of the few guided-weapon systems with 
which real experience suitable for statistical 
analysis has been acquired. Tens of thousands 
of rounds have been manufactured (over 1,500 
vere fired before the system became operational 
in December 1953) and total expenditure 
amounts to well over $500m 

A full history of the background to the 
fevelopment of Nike Ajax was published in our 
1956 review. In retrospect it was probably a 
necessary evil to purchase this weapon in 
juantity, since, although it is of very early con- 
ception and has a system performance which 
falls short of that required to be certain of 
festroying modern bombers, it has enabled the 
U.S. Army to establish operational anti-aircraft 
weapon sites which will progressively improve 
as Nike Hercules and possibly later develop 
ments are introduced. The bulk of the enor- 
mous expense and effort required to introduce 
such a system to service, together with its asso- 
ciated electronic environment, storage and 
base-support facilities, training programmes 
and logistic supply problems has already been 
done, and numerous sites (40 were authorized 
in 1953 and most are now operational) are at 
present available for defensive purposes at an 
hour or two's notice 

Each missile has a cruciform of delta wings 
ynd a second cruciform of canard control sur- 
faces arranged around the nose. The manufac- 
ture of the weapon has been described in some 
detail, and involves such novel processes as the 
use of “bubble gum” to reveal leaks in the 
5,000 Ib/sq in air pipes. Prime contractor for 
the overall system is Western Electric/Bell 
Telephone Laboratories, and Nike Ajax has 
always been manufactured by Douglas Aircraft, 
originally at Santa Monica and now at the 
Charlotte Ordnance Plant in North Carolina 
Most of the structure is conventional, but the 
control surfaces are made of Douglas Aircomb, 
a Kraft-paper/phenolic honeycomb machined 
to very close tolerances 

The sustainer motor, by Bell Aircraft (origin- 
ally by Aerojet-General), operates on nitric acid 
and kerosine fed through external pipes under 
the pressure of air stored in Menasco steel 
tanks. The single chamber has a rating of 
2,600 Ib thrust at 10,000ft and, being lined with 
Niafrax A ceramic, operates uncooled at 
5,000 deg F and 330 Ib/sq in absolute. Specific 
impulse is 212 and the maximum firing time 35 


seconds. Major airframe sub-contractors have 
included Hamilton Standard, Kaiser and 
Rheem. The high-explosive warhead is sur- 


rounded by optimum fragments and has elec- 
tro-mechanical fuzing by the Elgin National 
Watch Company. Eastern Industries supply 
hydraulic pumps and electronic-pressurization 
units. The whole assembly is fired vertically 
into the air by a solid boost motor by the 
Hercules Powder Company housed in a 
wrapped-steel casing by Goodyear 

As we stated in our 1956 review, the weakest 
link in the Nike Ajax system is its guidance 
although this is improved in batteries modified 
to accommodate Nike Hercules). After the ver- 


tical launching and boost burn-out, the missile 
is steered by command guidance towards its 
target and is governed by a lead beam which 
follows tracking radars locked on to the target. 
Ground computation so controls the lead beam 
as to bring the missile to a pre-calculated posi- 
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Fairchild Petre! AUM-N-2 Air-to-surface (air-to-underwater) 


a Fairchild 144 turbojet, und 
wing span, 13ft; tailplane span, 8fc 


tion in space immediately beneath the nose of 
the attacking aircraft, whereupon the warhead 
is detonated through a command signal. In the 
defence of the metropolitan U.S.A. the weapon 
is associated with, and to a considerable extent 
controlled by, superimposed electronic systems 
which organize the whole operational structure 
of CONAD (Continental Air Defense Com- 
mand). Chief of these is the SAGE (semi- 
automatic ground environment) and a second, 
more localized, system is the Missile Master 
developed by The Martin Company, which 
integrates the behaviour of a number of Nike 
batteries to ensure that no duplication takes 
place, neither is any target ignored. Such 
systems are not essential to the operation of 
Nike, and the weapon is already in operational 
service in such areas as Greenland, Alaska, 
and Germany where no comparable super- 
imposed electronic environment exists. 

Earlier this year the U.S.S.R. publicly deni- 
grated the effectiveness of the system, basing 
their arguments largely on testimony offered to 
Congress by the U.S. Air Force who have long 
sought to prove that the weapon was obso- 
lescent. The Army issued a prompt rebuttal, 
which included the statement that the guid- 
ance system “cannot be jammed.” Wilbur 
Brucker, Secretary for the Army, recently 
announced that by the end of next year about 
70 per cent of the active anti-aircraft battalions 
assigned to CONAD will be equipped with 
Nike. Typical of the strength of the installa- 
tions are those around Philadelphia, where 
there are twelve sites, four of which were 
recently doubled in fire-power. The overall 
system is rather loosely described as “68 times 
as effective as conventional weapons.” Other 
batteries are stationed at Thule, Greenland and 
four sites have been chosen in Western Ger- 
many. A site diagram was published on p. 900 
of our 1956 review. Each battery has electronic 
equipment worth some $300,000 and contain- 
ing 3,500 valves; these are not always “on the 
air” and must be allowed an adequate warm-up 
time. 

No Nike Ajax missiles were procured from 
FYS57 funds; 300 were cancelled on contract 
and it is anticipated that termination orders will 
be issued for 400 more. On the other hand, 
the Army has requested FY58 funds to rebuild 
approximately 4,000 Nike Ajax weapons, some 
of which have actually been in launchers for 
twenty months. Corrosion and deterioration of 
parts from exposure and repeated check-out 
operations have made the weapons non-opera- 
tional, and it was stated that the cost of rebuild- 
ing Nike far exceeded that of conventional 
weapons “due to low densities, high compon- 
ent and parts costs and requirement for highly 
trained and skilled maintenance technicians.” 
The Army stated that periodic rebuilding was 
essential to ensure precise calibration for 
effective firing 

Nike Hercules Pride of the U.S. Army, 
this impressive weapon, formerly known as 
Nike B, is the largest anti-aircraft rocket in the 
western world. Compared with its predecessor, 
Nike Ajax, it has a body with a greater length 
and much larger diameter, together with 
greatly improved guidance and much increased 
thrust. These improvements, together with 
large wings and a new control system, confer 
an operational performance claimed to exceed 
that of any other anti-aircraft weapon in the 
world (with the sole exception of Bomarc which 
has greater range). As a result, Nike Hercules 
can reach out and destroy any existing bomber 
before the latter could reach the point of release 
of a free-falling bomb aimed at the area pro- 
tected by the missile. 

Development prototypes had liquid-propel- 
lant sustainers, but production rounds have 
one of the new series of Thiokol solid-propel- 
lant motors which employ a new type of 
plastic-base polymer/oxidizer combination giv- 
ing very high specific impulse. The boost unit 
comprises four Nike Ajax barrels joined at the 
front to a thrust casting and at the rear to a 
wrapping plate to which are attached four 





Cruise propulsion in the air provided 
hinery. Overall length, 24 

erwater propulsion provided by Mk 13 torpedo mac y gth, 2 

launching weight, 3,800 Ib; flight speed, Mach 0.7; range, 5 m 


stabilizing fins. More than three-quarters 
the length of the body is occupied by the cruc 
form of delta wings, which have acutely swept 
leading edges and are fitted with cont 
“elevons” carried on projecting arms at thx 
trailing edge. The latter surfaces are actuat 
by a control ring surrounding the sustainer 
motor tube, and the missile is stressed to ma 
oeuvre with accelerations very much greater 
than the limits of the canard Nike Ajax. 

Prime contractor is Western Electric, wh« 
manufacture ground and airborne guidance and 
control equipment at Burlington and Winston- 
Salem. It is possible to integrate Nike Hercules 
into the ground-control equipment of Nike 
Ajax after suitably modifying the latter (which 
also increases the effectiveness of the earlier 
weapon). The first production set of ground- 
guidance gear was released from Burlington at 
the beginning of the year and the equipment 
is now operational at several sites at present 
armed with Nike Ajax. Nike Hercules is 
described as “15 times as effective as Nike 
Ajax” and one Hercules battalion “armed with 
a nuclear weapon can deliver the equivalent 
fire-power of 40 anti-aircraft artillery batta- 
lions equipped with 90mm guns.” 

The radio-frequency power is reported to be 
in excess of 100,000 W and the missile itself 
undoubtedly incorporates some form of radar 
homing. It is noteworthy that the small axial 
aerials ahead of the wings are retained in the 
new weapon (they assist in damping out oscilla- 
tion in flight) and it is possible that radar 
receiving equipment may be contained within 
the pointed nose. Two of the chief contractors 
for the warhead are Aerojet-General and 
Rheem. Current h.e. warheads embody new 
principles of fragmentation and incorporate a 
body structure of resin-bonded glass fabric 
General Electric (MOSD) and W. L. Maxson 
are supplying electro-mechanical fuzing, arm- 
ing and detonating systems. Next year the 
weapon will be available with nuclear warheads 
of five different yields, each costing in the 
neighbourhood of $1m. 

As in the case of Nike Ajax, production has 
been assigned to Douglas Aircraft who have 
manufactured development rounds at Santa 
Monica and are now following-up these deliver- 
ies with bulk production at the Charlotte Ord- 
nance Missile Plant, North Carolina. Douglas 
are also responsible for components of the 
associated launching equipment. The first pre- 
production ground equipment was released for 
test at White Sands Proving Ground at the 
beginning of the year and late in February it 
was announced that the comp!ete weapon sys- 
tem was undergoing final testing. Wilbur 
Brucker, Secretary for the Army, stated in the 
summer that Nike Hercules had exceeded its 
design objectives and that it would shortly go 
into bulk production. Shortly thereafter 
General Maxwell Taylor, Army Chief of Staff, 
spoke of “six and eight cylinder Nikes to come” 
implying that there are yet more advanced 
versions. 

It is still uncertain what form the fina! 
defence of the U.S.A. will take and at present 
Nike Hercules is competing with Talos for 
the point-defence role. It is hardly surprising 
that Lt. Gen. James M. Gavin, Army chief of 
research and development, recently said, “We 
will not abandon Nike Hercules as of this 
moment,” since it represents a logical continua- 
tion of the overall Nike system which has been 
developed by the Army Ordnance Corps, 
Western Electric, Bell Telephone Laboratories 
and Douglas Aircraft for fully ten years, and 
represents an investment measured in billions 
of dollars. Moreover, the system may be cap- 
able of further improvement to operate against 
ballistic missiles, although this possibility is 
becoming increasingly remote (see below). 

Nike-Zeus The U.S. Army attach great 
importance to this system, since it represents 
probably the ultimate phase of the whole Nike 
programme and loss of it would mean virtually 
the surrender of the defence of America to the 
U.S.A.F. at some future date. The missile 
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NOW—THUNDERBIRDS FOR THE R.A.F. 


The Encuisu Ecectric Thunderbird, already in 
production for the Army, has now been ordered for the R.A.F. 
It is the only ground-to-air guided missile in 


production for both Services. 
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24° H.T.P. nozzle with dust cap in 
position. Note thot it is impossible 
to open the valve mechanism with 


the handwheel in the closed 


position. A nce connected, it is 
mpossible to release the unit by 
turning the handwheel until the 

: valve is fully closed 
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REFUELLING EQUIPMENT 


Among the range of FR specialized equipment for 
sse with H.T.P. are Hose Nozzles of the type 
lhustrated. These, with their complementary 
urcraft adapter units, together make up the 
FR Ground Refuelling Coupling, which is designed 


to comply with the requirements of S.D.M. 312. 
Check these features: 


* 2 sizes 24 & 15° 
* Mechanical linkage external, i.e. not in contact 
with fluid (No corrosion problems) 


* All materials in contact with fluid compatible 


with H.T.P 


Positive action flow control at the nozzie with 
safe mechanical interlocks and visual 


on off indication 


* 2) nozzle approved by R.A E., Westcott, letter reference 


TG 31 EWC. Approval of 1} nozzie pending 


| Flight Refuelling Ltd 


TARRANT RUSHTON AIRFIELD, BLANDFORD, DORSET. Tel: Biandford 501 Telegrams: Refuelling Biandfora 


aiso at R wood Road 


Bournemouth, Hants 
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lf, originally called Nike II, is the farthest 
veloped of any Anti; a logical improvement 
the basic Hercules, it has a range of 
proximately 200 miles and exists in mock- 
form. Prime contractors are Bell Telephone 
iboratories target location, acquisition, 
idance and computer) and Douglas Aircraft 
ite in October Western Electric (B.T.L 
eived $5,086,481 for research and develop- 
ent of the system, but it seems clear that the 
ndamental brochure performance is inferior 
that of the U.S.A.F. device 
Pied Piper This weapon system of the U.S 
Air Force is not intended to intercept a target; 
iS a reconnaissance satellite. Many agencies 
conducted feasibility studies and general 
research into the military uses of satellites, but 
early last year the U.S.A.F. formulated a sys- 
tem (WS-117-L) for an “advanced reconnais- 
sance system” taking the form of a satellite in 
in orbit between 300 and 1,000 miles up (and 
thus not “fixed” above a given part of the 
earth). Numerous companies are already in- 
volved, but that most heavily committed (and 
apparently acting as manager) is Lockheed Air- 
craft. More than $12m was invested in the 
first year of the Pied Piper programme; it is 
expected that an unmanned version could be 


lave 





ready by 1960 or shortly thereafter, with a 
manned version following some five vears 
behind 

Talos This unusual weapon is the ultimate 


anti-aircraft missile stemming from the original 
Bumblebee programme of the Applied Physics 
Laboratory of the Johns Hopkins University. 
Compared with the hastily developed Terrier, 
Talos has better guidance and appreciably 
greater range owing to the fact that its sustainer 
motor is a ramjet. Prime contractor is the Ben- 
dix Aviation Corporation, who deliver com- 
plete rounds from the Naval Ordnance factory 
at Mishawaka, Indiana; a major sub-contrac- 
tor is McDonnell Aircraft, who manufacture 
the ramjet and the bulk of the airframe 

As the drawing indicates, Talos is relatively 
fat, in order to accommodate the ramjet duct 
as well as the warhead, guidance and fuel tanks 
in the surrounding annular space. The control 
system is very similar to that of Terrier, there 
being a cruciform of moving wings together 
with a cruciform of fixed stabilizing fins at the 
rear, indexed at 45 deg to the wings. The 
fins are appreciably larger than those of Terrier 
to counteract the effect of the big fore-body, 
and in production the fin-material will prob- 
ably be glass-fibre. The proximity-fuzed war- 
head can be either of the conventional or 
nuclear type, and it occupies the peripheral 
space between the guidance annulus and the 
integral tankage. 

A large M.W. Kellogg solid boost motor 
accelerates the weapon off its launcher and 
takes it to ramjet-sustaining speed of well over 
Mach 1. At the burn-out point the boost cas- 
ing drops off to the rear, thereby “unplugging” 
the ramjet propelling nozzle and allowing the 
sustainer to light up. Kerosine is fed through 
ram-air turbo-pumps located within the centre- 
body of the fixed-geometry, double-shock in- 
take. R.C.A. is a major supplier of ground 
guidance gear, and, like Terrier, Talos rides 
a beam during the initial phase of its flight. 
Unlike the earlier weapon, Talos can switch 
to semi-active homing for a more accurate 
terminal phase, and in shipboard installations 
the “lamp” set is the big SPG-49 for which 
Sperry hold over $47m in production con- 
tracts. The weapon has eight flush strip aerials 
positioned axially around the nose, together 
with four probe aerials spaced at 90 deg around 
the lip of the intake. Farnsworth supply part 
of the ground test-gear. 

Bendix received a $27m production contract 
from the U.S. Navy in February of this year 
and a further contract for $44m was placed 
from FY58 money to deliver additional evalua- 
tion quantities. In May Admiral Withington, 
Chief of the Bureau of Ordnance, stated that 
bulk delivery of evaluation rounds had begun 
and that intensive testing was in progress at 
White Sands, Point Mugu and from U.S.S. 
Norton Sound. Talos has been selected as the 
main armament of the light cruiser Galveston, 
which is scheduled to join the U.S. Navy in 
a few months’ time, as well as of two other 
cruisers and the nuclear cruiser Long Beach. 
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Three-barrel rocker 
motor for cruise propul- 
sion. Length, 32fc 
span, 25fc launching 
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White Sands testing demonstrated a degree of 
reliability so high that installation of the 
weapon in first-line ships has been accelerated. 
The General Electric Company have received 
a BuOrd contract for $5m for further develop- 
ment of the shipboard handling and launching 


system for the very advanced Long Beach 
earlier ships have a Northern Ordnance 
system The overall G.E. installation weighs 


350 tons and will store complete rounds in 
pigeon-holes and will incorporate an electronic 
computing centre with which the fire-con- 
troller will automatically be able to select a 
nuclear or h.e. Talos and have it brought up 
and placed the launchers completely 
automatically 

The original U.S. Navy Talos is SAM-N-6. 
An off-shoot of this is the land-based Talos 
system, which is under intensive development 
for both the U.S.A.F. and the U.S. Army. The 
former Service has Talos L which bears the 
U.S.A.F. designation IM-70  (Intercepter 
Missile). Strategic Air Command are likely to 
use IM-70 to protect their bases both within 
the U.S.A. and overseas. The Army weapon is 
Talos W and the first system, developed and 
built by R.C.A., was turned over to the Army 
for evaluation in October. 

Under the roles-and-missions memorandum 
of November last year the Army is scheduled 
to evaluate the Talos system, but no decision 
has yet been reached. Eger Murphree, when 
he was co-ordinator of missile development, 
said “a careful study of the Nike Hercules and 
Talos developments has shown no predomin- 
ant advantage for either system and there may 
be sound reasons for using both.” Talos has 
been described as “cheaper than Nike” (pre- 
sumably Nike Ajax), requires less operational 
man-power and can be installed with more 
flexibility; it does, however, require a great 
deal of electronic equipment, one report claim- 
ing that there are 250 separate cabinets in- 
volved in the ground check-out system. 

Tartar Virtually a junior Terrier, Tartar 
has been evolved by Convair at Pomona as a 
smaller and simpler weapon for vessels too 
small to accommodate the full Terrier system. 
The round itself is about three-quarters as large 
as the unboosted Terrier and, although it has 
no booster motor, has performance approxim- 
ately equal to its predecessor. The sustainer 
motor is a solid-propellant unit by the Alleg- 
any Ballistic Company, and guidance and con- 
trol is largely handled by the Ford Instrument 
Division of Sperry-Rand. It is unofficially 
stated that the receiver dish for semi-active 
homing is housed beneath a Pyroceram (Corn- 
ing Glass Works) nose which is being evolved 
at the Johns Hopkins University. 

In May it was reported that the Tartar pro- 
gramme was “proceeding on schedule,” and 
$32m was allocated from FY58 funds. Tartar 
will initially be fitted to eight U.S. Navy 
destroyers where it will replace Sin dual-pur- 
pose guns. As an example of the simplification 
of the system it is reported that “only about 
five avionic consoles are required for the search, 
track and fire-control as compared with 
approximately 20 for Terrier.” Maximum 
flight speed is given as 1,500 m.p.h., and a 
production round should not cost more than 
$40,000. 

Terrier As we recounted in our 1956 
review, this highly developed naval anti-aircraft 
weapon is a rocket-propelled offshoot of the 
ramjet Bumblebee programme, initiated in 
1945 by the Applied Physics Laboratory of the 
Johns Hopkins University. Terrier was origin- 
ally an interim quickly developed weapon, but 


on 





its wide adoption and good Fleet performance 
has insured it a permanent place. The system 
is designated SAM-N-7 and mass production 
began in January 1953 at Convair’s new factory 
at Pomona, Cal 

From front to rear the missile consists of an 
ogive nose housing a high-explosive warhead, 
a forward guidance package containing hyd 
raulic servos and four pivoting wings, a solid- 
propellant sustainér motor by M. W. Kellogg 
and the aft guidance assemblies with rearward- 
facing aerials for riding a radar beam from the 
launching vessel. The rear fins are indexed at 
45 deg to the wings and are fixed. Storage, 
loading and firing from a twin launcher is 
automatic, boost propulsion being provided by 
an Allegany tandem motor. Thompson Elec 
tronics manufacture the auxiliary power con- 
trol, and for accessory power air 1s stored in 
an ellipsoidal forged-steel flask weighing 
49.5 lb and tested to 7,500 Ib/sq in. 

All guidance is effected by riding the beam 
from the big SPQ-5 radar, for which Sperry 
hold over $51.5m in production contracts. Two 
such radars are fitted to U.S.S. Canberra, the 
second Terrier-equipped cruiser; the earlier 
Boston had Reeves radar. Either of the twin 
installations on these cruisers can direct a 
single launcher or a battery by “flexible modes 
of scanning the airspace many miles beyond 
the horizon,” suggesting a link with A.E.W. 
radars. Reeves’ experience on Boston has 
been put to good use on the simpler installa- 
tion in the destroyer Gyatt, in which the radar 
carries out guidance and fire-control for a twin- 
Terrier launcher and for 3in and Sin gun 
armament. Terrier was first fired from a ship 

U.S.S. Norton Sound) in September 1951 
In addition to the three operational craft men- 
tioned, the weapon is being installed in the 
new cruisers Topeka, Springfield and 
Providence, and the giant carriers Kitty Hawk 
and Constellation (for which Northern Ord- 
nance hold two contracts totalling $20m), as 
well as a new class of frigate (DLG-14, et seg 
and the nuclear carrier 

Production rounds cost about $62,000, Con- 
vair holding a fixed price (which has been 
criticized by certain naval spokesmen). Relia- 
bility of the weapon is good, and of more than 
350 Terriers fired at N.O.T.S., China Lake, 
since 1954 about 80 per cent were described as 
“effective.” Motorola, who are the second- 
source for guidance, have established the 
extraordinarily good tube-rejection rate of 0.5 
per cent, probably one-twentieth of the national 
average. Nevertheless, airborne-guidance prob- 
lems have been caused through vibration and 
unbalance in its cantilevered suspension, and 
in September Pomona began production of an 
improved Terrier incorporating new engineer- 
ing features. Potting techniques and greater 
mechanical strength allow the revised missile 
to be handled as roughly as a Sin shell, and 
the producability of the new weapon has also 
been improved. For this round Pomona is 
handling all the guidance (no second-source), 
the contract for $29m being placed in 
December 1956. 

Terrier II is described as a “double-size” 
weapon with active-homing radar. No details 
are yet available, apart from the fact that it 
is intended particularly for frigates and similar 
craft too small to mount an SPQ-5 installa- 
tion, and that the missile has a nose of Pyro- 
ceram to resist heat and thermal shock yet 
transmit radar waves. 


Wizard Under this name an extremely 
broad programme for an overall defensive 
system for the entire American continent has 
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been planned for several years by Convair and 


the Radio Corporation of America The 
U.S.A.F. awarded Phase I studies to Bocing 
G.E. /Ramo-Wooldridge, Lockheed / Raytheon, 


and Douglas/B.T.L., but Convair/R.C.A. are 
the only group going ahead with the work and 
their system has been endorsed by the Joint 
Chiefs of Staff as the future defensive system 
for the whole of the U.S.A. 

Fundamental to the successful interception 
of any ballistic warhead is its early detection, 
and the “break-through” which has made the 
Wizard concept practicable is the development 
of “fine structure analysis” radar by Columbia 
University and Rome A.D.C. since March 
1954. This permits target range and velocity 
to be measured with unprecedented accuracy 
even when the signal strength is still below the 
unprocessed) background noise level. Exist- 
ing radars can see up to 300 miles (one minute's 
ICBM flight), but the Columbia Omnirange 
Digital Radar extends this to fifteen minutes, 
a distance of some thousands of miles. The 
intention is that the Wizard anti-missile should 
meet the on-coming ICBM near the apogee 
The missile itself will have a nuclear warhead 
and a range of approximately 1,000 miles and 
a flight performance appreciably in advance of 
that of Hercules. Our American contemporary, 
Amation Week, states that sub-contractors on 
Wizard are: G.E. (MOSD) for the warhead; 
Sanders Associates for a special multi-lobe 


acrial system, resistant to point-source jam- 
ming; D. S. Kennedy, Inc., for research into 
large parabolas; and Avco for aerial steering 
devices 


SURFACE-TO-SURFACE 


Atlas As the first intercontinental ballistic 
missile in the Western world, this weapon has 
required an unprecedented amount of funda- 
mental research into previously unexplored 
realms of science. It is logical that a very great 
deal of the work carried out for Atlas, as well 
as numerous items of “hardware,” should have 
been carried across to accelerate progress with 
the later Titan and Thor 

A full account of the background to the 
genesis of Atlas was given in our 1956 Missiles 
issue. The original U.S.A.F. project number 
was MX-1593; the weapon-system number is 
WS-107A-1, the missile itself is SM-65A 
Strategic Missile) and to Convair, the prime 
contractor, it is Model 7. Initial design and pro- 
totype fabrication was done at Convair’s San 
Diego division, but during the past few months 
it has been transferred to a completely new 
$40m facility north-east of San Diego. The 
headquarters of the Astronautics division, this 
plant will be fully occupied by the middle of 
next month with a staff of 7,000. Chief pro- 
ject engineer is Charles S. Ames 

One of the areas in which the design of the 
Auas has broken new ground is that of air- 
frame design. Unlike the Army ballistic mis- 
siles, Atlas has an airframe with a skin so thin 
that the interior (integral tanks) has to be 
pressurized in order to preserve the shape of 
the body as the propellants are consumed 
during flight or when the missile is being 
transported on the ground. Structure weight 
has thus been minimized and the mass-ratio 
is better than that of any previous ballistic 
weapon 

Prime contractor for propulsion is North 


Raytheon Hawk Surface-to-air 


Solid internal boost and sustainer motors 


American’s Rocketdyne division. There are 
three powerplants, arranged in a unique 
fashion. The main body comprises integral 


tanks for JP-4 fuel and liquid oxygen, and these 
propellants are fed by turbopump to a single 
gimbal-mounted chamber, rated at 65,000 Ib 
thrust, mounted centrally at the lower end*. 
On either side of this motor is pivoted an 
additional single-chamber motor rated at 

135,000 Ib thrust, providing boost propulsion. 
These boost motors burn for 180 sec and are 
then jettisoned as a package, taking the large 
flared body skirt—which provides increased 
directional stability—with them All three 
motors are fired on the ground, so that Atlas 
can reasonably be called a “14-stage missile.” 

Following cancellation of the ballistic A.C. 
“Achiever” system, prime contractor for guid- 
ance is General Electric, whose Heavy Mili- 
tary Electronic Department (Syracuse) received 
an $83m contract in April to continue this 
work to the production stage (the H.M.E.D. 
guidance section is unique in that it conducts 
its own design, manufacturing, selling. finance 
and employee relations). The system is of a 
hybrid radio-inertial variety, functioning in 
conjunction with G.E. ground radar of very 
high power, together with a Burroughs com- 
puter. Such a system does not require a true 
inertial platform, and a contract originally let 
to Minneapolis-Honeywell was therefore can- 
celled. The latter firm's HIG floating gyros 
are, however, proving so reliable that the 
final Atlas guidance may well be the pure- 
inertial system developed for Titan (q.v.). The 
guidance controls the trajectory solely by 
changing the axis of the sustainer motor 

Third of the major problems of any ICBM 
is the nose cone, and here again the prime con- 
tractor is General Electric (in this case the 
Missile and Ordnance Systems Division). A 
contract for $158m was agreed for this work 
and the nose-cone section of MOSD have 
evolved a curious design with a very smooth 
nose of some 3ft radius, faired into a corru- 
gated re-entry body about 6ft deep with a metal 
base coated with special laminated plastic (here 
again, this may not be the final configuration). 
Such is the pace of development that 3-4 days 
is the maximum allowed for processing the 300 
types of information available from each nose- 
cone test, and MOSD Philadelphia operate a 
$3m automatic computation facility equipped 
with an I.B.M. 704 and auto analogue / digital 
converters and switching equipment. Tape 
containing data from nose-cone tests by 
government and industrial centres—and, now, 
from . flight tests—are handled with un- 
paralleled speed and reports are then made up 
for the 1,100 MOSD scientists involved. A 
sub-contractor for assembled nose-cone hard- 
ware is Republic Aviation’s guided missiles 
division. 

Contractor responsible for the warhead is 
the Sandia Corpn., a subsidiary of Western 
Electric. The warhead will weigh at least 
3,000 Ib and will, of course, have a megaton 
yield and very advanced fuzing. The electrical 
system is energized by an A.M.F. (American 
Machine and Foundry) turbo-alternator run- 
ning on the main liquid-oxygen/fuel mixture. 
Gas pressure for the propulsion system is 
obtained from a manifold fed with the pro- 
ducts of combustion of a controllable cartridge. 
As the drawing indicates, a number of pipes 





* All descriptions of ballistic, tail-standing 
weapons are worded to conform with the 
missile in the vertical (firing) position. 


Length, 16ft 4in; span, 47in 


body diameter, 16in; firing weight, rather more than 1,000 Ib; burn-out speed, more than Mach 2.8; slant range, 
about 15 miles 




















Boeing IM-99 Bomarc Surface-to-air 





Liquid-propellant boost motor with gimbal-mounted chamber (retained 
on board) and twin Marquardt RJ43 ramjets for cruise propulsion 


Length, 46fc Bin; span, 18ft 2in; body 


diameter, 36in; launching weight, 15,000 Ib; cruising speed, Mach 2.7; ultimate range, over 250 miles. 
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and controls are run outside the liquid-oxy 
tank in a faired conduit. 

Convair hold a $145m contract for airfra 
fabrication and testing. Twelve XSM-65s 
reported to have been manufactured at Plar 
in San Diego. The first was static tested at 1 
Convair facility in Sycamore Canyon (p. 8% 
in March of this year. Component testing 
handled by a facility on Point Loma—also nea: 
San Diego—and further ground tests, inclu 
ing static firing, are being undertaken on Leu! 
man Ridge, within the perimeter of Edward 
A.F.B. No aircraft can reasonably carry Atlas 
and all are at present being moved on 35ft 
steel-tube trailers, provided with elevating 
rams for placing the empty missiles on their 
tails. Each trailer has electronic test-gear by 
Hallamore (Siegler Corpn.). Tank pressure 
tests are carried out vertically in ad h 
buildings. 

The first XSM-65 to reach the firing pad at 
Patrick was scheduled to be launched on 
May 29, but it was delayed by malfunctioning 
ground-gear until June 11—by which time 
static-firing time had reached 700 sec. The 
first flight-prototype comprised an airframe 
with a simple, pointed nose, together with the 
two boost motors: absent were the sustainer 
and the operational guidance system. Simple 
programmed guidance was incorporated to 
keep the Atlas climbing to a height of 400 
miles (long after burn-out) followed by a con- 
trolled flight to a point 200 miles distant. 

Pre-flight checks on June 10 were satisfac- 
tory and, following a 10}-hour count-down, 
the prototype was fired on June 11. Ignition 
was good, as was thrust-balance between the 
two motors. After only a few seconds, how- 
ever, a failure to a turbopump valve almost 
completely shut off the liquid-oxygen supply 
to one motor. The flame from this side changed 
from yellow to a dirty orange, leaving a long 
smoke trail of burning fuel. The sudden loss 
of thrust on one side caused a violent yaw; a 
complete loop followed, after which the hard- 
pressed guidance effected some correction by 
fully gimballing both motors. Yet vertical 
flight could not be held, and two more loops 
followed, until finally the erring vehicle was 
detonated by Patrick’s range safety officer. The 
flight ended at about 6,000ft, after 32 seconds’ 
firing time (10 on the pad and 22 in the air) 
Telemetry was perfect and 95 per cent of the 
programmed data was actually obtained 
Moreover the Atlas proved that its airframe 
could withstand lateral accelerations of up to 
22 g—an incredible demonstration of struc- 
tural strength outside any original design case 

A second flight-test was conducted on 
September 25. On this occasion all three 
engines were installed, and a curious flight- 
plan was programmed: vertical climb for a few 
seconds followed by push-over at 15,000ft 
and level flight at that extremely low altitude 
for 2,000 miles down-range until detonation 
over the outer Bahamas. Such a flight was 
scheduled to produce aerodynamic data 
required for advanced testing. In the event, a 
malfunction—presumably similar to that of the 
first prototype, since there was an excess of 
fuel—led to detonation as soon as cruising 
height was reached. Once again telemetering 
was perfect and valuable information was 
gained. 

Production SM-65s are beginning to take 
form in the new factory. Each will probably 
be priced at about $1m, exclusive of weapon- 
system supporting equipment, which is about 


half the cost of any of the prototypes. Atlas 
motors are manufactured at Rocketdyne’s new 
facility near Neosho, Missouri. Turbopumps 


built there went on test in September, and 
the first production Atlas powerplant began 
static trials last month. This proved the stands, 
and current running is on a normal produc- 
tion-acceptance basis. 

Total SM-65 programme costs now amount 
to more than $500m—a relatively very modest 
figure. It will probably be the first ICBM 
in service in the West, the schedule being 40 
operational SM-65s on the pads of Strategic 
Air Command by 1959. It is, however, per- 
tinent to point out that an SM-65 is a very 
tight fit in a C-133A transport (no other air- 
craft can take it), and that trucking a single 
weapon from San Diego to Patrick takes 10 
days. Much must be done before it becomes 
operational. 


This lofty spindle of a weapon is 
probably so well known by now that little need 
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The transport may be different—but the service is the same 


As Air Travel reaches out to all the countries of the 
world, so must the services which keep the aircraft 
flying. The BP Aviation Service is international; at 

| hundreds of different airfields it supplies the essential 
fuelling and other services on which modern Air 


Travel depends. 
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uid about it. A specification appears be- 

h the drawing and a full history of its 

elopment was published on p. 904 of our 
review. 

From the top downwards, Corporal com- 

eS: a pointed nose carrying a kiloton war- 

id; a package containing radar/Doppler 

jance; a polygonal section housing 

350 Ib/sq in air tanks; large tanks of red 

ming nitric acid and xylidine; and a fixed 
Ryan-built rocket chamber, together with 
ruciform fins, controls and small vanes in the 
cket jet. Prime contractors for this weapon 

Firestone, for the airframe, and Gilfillan 
assisted by Motorola) for the guidance. The 
yasic design-work was undertaken by the 
Jet Propulsion Laboratory of CalTech. Exten- 
sive details of the complete weapon system, 
ncluding notes on ground equipment, firing 
irill, performance and operational history, were 

ublished in our 1956 review. 

Dart Although appreciably larger, and far 

lore expensive, than the French S.S.10/11 
ind British Vickers 89] weapons, the U.S 
Army’s Dart is designed for a similar function : 
felivery with pin-point accuracy of a warhead 
capable of knocking out the heaviest tank 
known, The basic development of the 
SSM-A-23 system was handled by the Army 
Ordnance District, Los Angeles; Redstone 
Arsenal; and the Aecrophysics Development 
Corporation (of Santa Barbara, Cal., a sub- 
sidiary of Curtiss-Wright 

Within the body are a large, shaped charge 
and a smokeless, solid-propellant rocket sus- 
tainer motor by Grand Central Aircraft. The 
weapon is fired from a zero-length launcher, 
usually mounted on an M59 truck, and its 
operator guides the weapon by keeping it, or 
sodium flares fixed to it, aligned with the target 
his he does with the aid of an optical tracking 
system by the H. A. Wagner Co., which is con- 
nected to the launcher by a cable. Although no 
details have been released, it seems probable 
that the motor has a high-thrust initial portion 
to provide requisite acceleration at launching. 
The initial guidance is simple gravity-correc- 
tion by gyros (it was no easy task to find a suit- 
able non-electric gyro), presumably operating 
the hinged trailing edges of the wing cruciform. 
In-flight guidance is probably effected by means 
of small spoilers at the wing-tips, since the 
steady speed is almost sonic 

Dart has many times demonstrated very 
accurate guidance, going through, or very close 
to, the bull on 6ft cloth targets at ranges well 
over a mile. Production is being undertaken 
by the Ujgica-Bend Corpn., a subsidiary of 
Studebaker-Packard (and so also of Curtiss- 
Wright). The first production contract, placed 
in August 1956, amounted to $16,565,000, and 
inventory deliveries are now being made to the 
Army. Stanford Research Institute have a 
$97,000 assignment to analyse Dart production 
and formulate budget control for the system 
Late in October the Aerophysics Development 
Corporation received a $403,036 contract for 
further Dart development 

Goose Also known as Bull Goose (or Blue 
Goose), this name refers to a U.S. Air Force 
family of peculiar character. Bearing the 
weapon system designation WS-123A, the 
missile itself is SM-73 and the prime contractor 
is the Fairchild Engine and Airplane Corpora- 
tion who have expended their facility at Hagers- 
town to undertake this work. 

The designation SM-73 (strategic missile) 
suggests that the missile portion of the system 
takes off from the ground, although it has been 
suggested that it is carried aloft by a B-58 or 
similar aircraft. The airframe is of an aircraft- 
type configuration and its function is purely 
diversionary; in particular, it is designed to act 
as a decoy for surface-to-air missiles, and to 
this end carries a radar transponder of the 
corner-reflector type 

The basic SM-73 is reported to be manu- 
factured largely of resin-bonded dielectric 
material. For ground launching, a Thiokol 





solid boost motor is provided and cruise pro- 
pulsion takes the form of a single Fairchild J83 
turbojet of about 2,200 Ib thrust, which is stated 
to give a cruise Mach number of about 1.25 (a 
curious figure, which must result in poor speci- 
fic range). 


Fairchild radio-command guidance 








is reported to be matched with a Kollsman 
flight-control system so that—presumably 
the vehicle can be steered from the ground or 
from a parent aircraft. No details of the con- 
figuration have been revealed, but the span has 
been given as about 13ft and the length vari- 
ously as 20ft and 30ft. Maximum operating 
altitude has been placed as high as 100,000ft, 
which seems excessive in view of the nature of 
its powerplant 

One of the few things which can be deduced 
with assurance is that the range must be well 
over 500 miles, otherwise the “SM” designa- 
tion would not be applicable. One report states 
that the Goose family “i parallel 
development of the Duck missile’; the latter 
weapon, although reported to be an air-to-air 
missile and described in that section of this 
issue, is also described as a surface-to-surface 
device; our American contemporary Missiles 
and Rockets, says of Goose and Duck “while 
essential elements . are similar, airframes are 
different in size and some aerodynamic charac- 
teristics.” Altogether Fairchild seem to have a 
curious series of offspring in the Goose family 
which was reported in July to be in prelimin- 
ary production. In a recent list of published 
contracts WS-123A was named as a weapon 
system for which the J. C. Harper Construc- 
tion Company were to build “complex 21 and 
support items.” 

Honest John Although not guided, this 
tactical army support weapon is otherwise 
characteristic of the overall missile family. It 
is a large-calibre rocket, mounted and fired 
from an elevating ramp carried by a vehicle 
and deployed up to forward battlefield areas 
The weapon is aimed in artillery fashion and 
thereafter follows a free-flight trajectory 

Propulsion is provided by a solid sustainer 
with a 2,000-lb (weight) cast charge by the 
Hercules Powder Company. For stability the 
weapon is spun at launching by four small 
tangential rockets behind the warhead, the spin 
being maintained by the canted fins. Many 
thousands of rounds have been delivered from 
Douglas Aircraft and Emerson Electric, Alco 
fabricating the bodies from steel sheet. With 
a 1,500-lb warhead, maximum range is 
achieved at an elevation of 50 deg, reaching a 
trajectory peak of 30,000ft in 41 sec and a 
strike at 30,000 yd in 87 sec. Training courses 
are simple, and the weapon is likely to be 
employed by the NATO countries and Japan 


Jupiter This IRBM (intermediate-range 
ballistic missile) has been, and still is, the 
focal point of one of the greatest political 
storms ever to afflict the development of any 
weapon. It is the product of the Army Ballis- 
tic Missile Agency at Redstone Arsenal, under 
a design team led by the renowned Dr. 
Wernher von Braun (creator of the A-4, or 
“V.2” weapon), who is A.B.M.A’s. director of 
development operations. It is a natural and 
logica! outcome of the arsenal’s successful 
development of the earlier Redstone. 

In November 1955 came the famous—or 
infamous—memorandum by Charles Wilson, 
then Defense Secretary, on the roles and 
missions of the Army and Air Force. This 
document laid down that the responsibility for 
all land-based weapons with a range greater 
than “about 200 miles” should be vested in the 
Air Force. Although the Army were allowed 


cludes 





to make limited feasability studies into 
systems beyond the 200-mile limit, the 
memorandum orphaned Jupiter completely, 


and decreed that, even if it were perfected, 
the Army would not be permitted to operate 
it. This may have been a blunder of the first 
magnitude. What certainly was an unforgiv- 
able decision was that which placed in the 
Air Force’s hands responsibility for the financ- 
ing and development of all long-range wea- 
pons. When the appropriations for Fiscal Year 
1958 were reviewed the U.S.A.F. made no 
provision for Jupiter, thus somewhat pre-judg- 
ing the issue. But it is advisable first to des- 
cribe the missile itself. 

Like its hastily developed competitor Thor, 
Jupiter is a single-stage weapon, powered by a 
gimbal-mounted Rocketdyne S-3 motor, of 
some 150,000/160,000 Ib thrust in current 
versions; combustion pressure is held constant 
by a Servomechanisms controller. Unlike the 
Air Force weapon it has a relatively conven- 
tional airframe, of constant diameter, topped 
by a quite different type of nose-cone and 
devoid of fins. It follows that all stability and 
guidance is effected by pivoting of the S-3 
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Douglas Nike Ajax SAM-A-7 above) 

Surface-to-air 

Overall length, 34f¢ 10in; length without boost, 

19ft Yin; body diameter, 12in; foreplane span, 24in 

wing span, 63in; firing weight, without boost, about 

1,100 Ib (300 Ib warhead); burn-out speed, Mach 2.28 
slant range, 10 to 25 miles. 


(Left, 
Solid boost motor, liquid sustainer 


Douglas Nike Hercules Surface-to-air. Quadruple 

solid boost motors, solid sustainer motor. Overall 

length, with boost, 41ft 6in; length of basic missile 

27ft; span, 74in; maximum body diameter, 25in 

firing weight of missile without boost, approximately 

000 Ib; burn-out speed, about Mach 3.3; maximum 
slant range, of the order of 68 to 75 miles 


chamber. For many years Sperry have been 
improving the air-bearing gyros of the 
German A-4 missile, and gyros with air bear- 
ings are used in the inertial platform of the 
Jupiter guidance, which is by the Ford Instru- 
ment Co., a Sperry-Rand subsidiary. As a 
backstop a radio-inertial system has been 
evolved, and the chief electronics sub-contrac- 
tor is Motorola (Western Electronics Division 
The J.P.L. CalTech team have also contributed 
much to the Jupiter system, all these con- 
tractors having gained great experience with 
Corporal and/or Redstone. 

In contrast to the U.S.A.F., who hurried 
through the evolution of Thor on a maximum- 
risk basis, the Army have developed Jupiter 
with extreme care, proceeding cautiously from 
one stage to the next. The earlier Redstone 
weapon has been very widely used as a test 
vehicle, and as many as possible of its actual 
components have been carried across to Jupi- 
ter wherever this could be done without im- 
pairing the latter’s performance. Recently Dr 
von Braun stated that this meant that “a great 
number of components” of Jupiter were 
“therefore tested and proven.” 

First vehicle to bear the name Jupiter was a 
specially instrumented species of Redstone 
designated Jupiter A. Several of these were 
fired from Patrick A.F.B. during 1956, and 
the later examples incorporated actual com- 
ponents or portions of the final Jupiter. Six 
Jupiter A vehicles were given an increase in 
range to 800 miles. Concurrent with the firing 
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thes hicles was a second programme 
intended t nvestigate problems associated 
with ¢ ff the Jupiter nose-cone and 
warh which, like Redstone, separates 
from the main body. For this purpose the 
A.B.M.A. evolved Jupiter C, a towering three- 
age device comprising a single Recruit (solid- 
propellant test vehicle) bearing the nose-cone 
tanding on a cluster of four Recruits, in turn 
mounted atop a Redstone propulsion section 
One of these Jupiter ¢ vehicles was fired from 
Patrick a distance of 3,300 miles, easily beat- 
ing all previous records for speed, distance and 
altitude, as far as the “western nations” are 
aware 
No precis¢ ne-table of the flight-trials of 


the real Jupiter can be compiled at this time, 
but it is known that the first two development 
prototypes were launched from Patrick in the 
early spring of this year. Neither achieved 
a successful flight, and it is unofficially reported 
that both exploded before burn-out as a result 
of structural failure caused by sloshing of the 
kerosine and/or liquid oxygen. The third 
Jupiter was carefully re-engineered to prevent 
4 repetition, and the integral tanks were pro- 
vided with special sets of baffles evolved by 
the A.B.M.A. (not by the U.S.A.F. as one 
report averred) and designed to minimize slosh- 
ing without interrupting fuel flow. In addition 
two other potential sources of trouble were 
investigated: the gust-sensing indicator was 
removed from the forward probe, and the base 
of the weapon was redesigned to incorporate 
1 heat-shield to protect the control wiring from 


the first few seconds of firing 
Vhen this third Jupiter was launched in 
May it performed admirably in all respects, 


Bendix Talos SAM-N-6 (Below, right) Surface-to 

air. Solid boost motor, integral ramjet for sustainer 

propulsion. Overall length of missile and boost, about 

31ft Jin; length of basic missile, 20ft Jin; wing span 

about 95in; body diameter, 29.5in; firing weight 

without boost, approximately 3,000 Ib; maximum 
slant range, of the order of 38-40 miles 


Convair Terrier SAM-N-7 (Below, left) Surface- 

to-air Solid boost motor, solid sustainer motor 

Overall length with boost, 26ft Sin; length of basic 

missile, 14fc Yin; body diameter, 13.5in; span of wings 

47in; firing weight, without boost, 1,100 Ib; maximum 
slant range, about 20 miles 
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achieving a range of some 1,500 miles and a 
peak altitude of between 250 and 300 miles. 

This proved the ability of the weapon to reach 
its full design performance, and the know- 
ledge put new life and inspiration into the 
A.B.M.A. workers and Army “top brass, most 
of whom were despondent at the manner in 
which their IRBM was being taken from them 
and possibly shelved. The third prototype 
consisted of the final airframe and nose-cone, 
together with the definitive S-3 motor. In place 
of the warhead was a ton of instrumentation, 
and instead of guidance the vehicle was con- 
trolled by an autopilot pre-programmed to 
follow the optimum trajectory. Like current 
Jupiters, this round had an accessory-power 
unit energized by combustion of the main pro- 
pellants, with water governing turbine tempera- 
ture; earlier Jupiter A.P.Us. had employed 
H.T.P. The drawing shows the exhaust stack 
in the base-plate serving both the A.P.U. and 
the main rocket turbopump 

By August the Army were firing Jupiters 
equipped with a _ representative guidance 
system. One of the firings (there were at least 
two) in that month concerned a vehicle des- 
cribed as a Jupiter C, but in all probability 
really a Jupiter development round. This well- 
trained missile reached an apogee at 400 miles, 
a re-entry velocity of 12,000 m.p.h. and landed 
within a previously determined 400yd circle. 

The Army claimed that the round “posted a 
letter” to Gen. Medaris, commander cf 
A.B.M.A., which was actually recovered from 
the Atlantic ocean. The nose-cone, reported to 
have been non-metallic, was proudly displayed 
to the world by President Eisenhower. Cer- 
tainly the Jupiter guidance has many times 
demonstrated high reliability—as, in fact, has 
the entire weapon. 

In recent months the relations between the 
teams actually working on the Army and Air 
Force IRBMs have been satisfactory, and both 
Douglas and the A.B.M.A. have visited each 
other (as a result of which the Army weapon 
may soon appear cloaked in a more sophisti- 
cated airframe The elimination of Jupiter 
from FY58 funding was initially countered by 
the intervention of the Defense Secretary, and 
it is believed that in August a small allocation 
was made to the programme from the Defense 
Emergency R. and D. fund. Shortly before 
that time the Defense Department removed 
from the Air Force the responsibility for financ- 
ing the development of Jupiter, and according 
to the Montana Democrat the programme 
has actually received about $35m from FY58 
funds. Early in October the total investment in 
Jupiter was reported to have reached approxim- 
ately $200m. 

Should Jupiter be produced in inventory 
quantity for the U.S.A.F. Strategic Air Com- 
mand it may be manufactured by the Chrysler 
Corpn., who have handled all production of 
Redstone and are exceedingly conversant with 
Jupiter. Production would probably be under- 
taken in Detroit, but there has been talk of 
a $300m Chrysler production plant being 
established near Redstone Arsenal—which 
seems exceedingly unlikely. The cost of a pro- 
duction Jupiter has been estimated unofficially 
at $480,000. 

As it stands, therefore, the Jupiter pro- 
gramme may produce a Jupiter, or a Thupiter/ 
Thorpiter, or possibly nothing. Some relevant 
quotes are: “nothing succeeds like success in 
this business” and “you can’t expect to win any- 
thing with pieces of paper” (a dig delivered 
by Chrysler at the performance of Thor); 
“Jupiter is an isolated hardware program 
without production, training and operational 
back-up” (Aviation Daily); “If the Jupiter is 
the best missile, and, from what I hear, it is, 
I would favor going ahead with it” (Sen. 
Henry Jackson); and “The Jupiter program 
will be continued through its test program” 
(Neil McElroy, the new Defense Secretary). 
In October, when news of the postponement 
of plans for “marrying” Jupiter to Thor 
reached Redstone, overtime was once more 
allowed at A.B.M.A. and the Jupiter went 
full-steam-ahead again. 

Lacrosse The genesis of this system was a 
Marine Corps study in 1947 for a weapon cap- 
able of being fired against the largest hard- 
skinned targets—major fortifications—from 
ground bases and helicopters. Cornell Aero- 
nautical Laboratory and the A.P.L. at Johns 
Hopkins co-operated in a feasibility study, and 
Cornell were awarded an R. and D. contract in 
1949. Shortly before the Korean war began 
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the project was reoriented as an Army 
gramme, and Cornell were given a h 
priority development contract. Early in 
The Martin Company were brought 
assist in final development and under’ 
production. 

Configuration is unusual, there being cr 
forms of fixed, swept wings and unswept n 
able tail surfaces. Federal Telecommuni 
tions Laboratories supply radar comm 
guidance, but Cornell were reported last | 
to be investigating a more self-contained s 
tem, less open to countermeasures. Pesco P: 
ducts division of Borg-Warner supply t 
hydraulic control package. The large warhx 
is by Honeywell’s Ordnance Division. and ha 
fuzing and arming by General Electr 
MOSD. Propulsion is effected by one of 1 
new range of high-impulse solid sustainers b 
Thiokol; the charge has a synthetic rubber 
oxidizer base, and is one of the largest such 
motors to reach the production stage. 

Martin manufacture a high proportion of the 
complete Lacrosse system, including the canti 
levered-tube launcher, which is mounted on a 
pivoting base carried by a standard 10-whee! 
lorry and has a hydraulic jack to elevate the mis 
sile to the required firing angle. All elements of 
the system are mounted on mobile carriers, and 
the bulk of it is air-transportable by smal! 
Army aircraft. The actual guidance unit need 
not be close to the launching point, and would 
normally be in an extreme forward position 
The target need not be visible provided its co- 
ordinates are known; thus the system is un 
affected by weather. 

Development Lacrosse weapon systems were 
very successfully tested at White Sands P.G., 
New Mexico. These missiles were in pre- 
production at Baltimore when, a year ago, the 
programme was transferred to the new interim 
488,000 sq ft plant at Orlando, Fla, which cost 
$6,031,950 and now employs almost 3,500 
Production Lacrosse systems are of an improved 
type, and the first came off the Orlando line at 
the beginning of August. Overall cost of the 
programme is described as “one of the lowest 
in missile-systems history.” In service the 
Lacrosse will provide “one-shot” demolition of 
any enemy strongpoint, more surely and more 
cheaply than by artillery or fighter / bombers. 


Little John This simple and effective 
weapon was evolved by the Rocket Develop- 
ment Laboratories at Redstone Arsenal be- 
tween February and June 1956, being test fired 
in the latter month. Compared with the larger 
Honest John, it is more mobile, particularly 
under the most adverse operational conditions 
Although described as a free-flight weapon, it 
has movable fins each carrying a tracking flare 
(suggesting that the weapon is actually guided 
by radio command). 

All the systems development was done at 
Redstone, and the following companies and 
agencies contributed: Allegany Ballistics 
Laboratory (propulsion charge); Consolidated 
Western Steel (sustainer case and chamber); 
Emerson Electric (airframe); Rock Island 
Arsenal (launcher); and Picatinny Arsenal 
(warhead). Intensive training and indoctrina 
tion is at present taking place and the weapon 
is beginning to go into U.S. Army service 
Part of the production is being undertaken by 
Douglas Aircraft, and the warhead is supplied 
by the Honeywell Ordnance Division, with 
arming and fuzing by G.E. (MOSD). 


Matador Apart from the “V-1” of 1944, 
the U.S.A.F. Matador was the first pilotiess 
bomber ever to go into large-scale service, and 
it has now branched out into a highly effective 
family of weapons which are at combat readi- 
ness in various parts of the world. The basic 
TM-61A was fully described in our 1956 
review, in which was published a history of its 
genesis and development and full details of the 
manner in which a squadron equipped with it 
operates in the field. 

TM-6I1A, as the basic type of Matador, is 
a high-wing aircraft comparable in size with a 
modern fighter and manufactured by The 
Martin Company in Baltimore, using a cheap 
and effective metal-honeycomb structure for 
major airframe components. Complete inter- 
changeability was achieved soon after produc- 
tion began early in 1954, and since that time 
production missiles have been shipped un- 
assembled in crates, for erection by the user 
squadron. The weapon is fired from mobile 
launchers with the aid of a large solid boost 
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CABIN PRESSURE 
CONTROLLER 





FLIGHT 


1 Ib, OUTFLOW VALVE 
(poppet) 
executive airplane 





or 


OUTFLOW VALVE 
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17.5 |b, OUTFLOW VALVE 
(butterfly) 
military transport 
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6.8 ib, OUTFLOW VALVE 
(poppet) 
commercial transport 


2.0 Ib. OUTFLOW VALVE 


(poppet) 
military cargo 








5.5 ib, OUTFLOW VALVE 
(poppet) 
militory transport 
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4.4 Ib, OUTFLOW VALVE 


(poppet) 
commercial transport 





13.3 Ib. OUTFLOW VALVE 


(butterfly) 


commercial transport 


Two unit pressure control 


FOR ALL SIZES OF AIRCRAFT CABINS 


Simple, proved AiResearch pneumatic system operates 
independently...requires no outside power 


The two elements of the complete 
AiResearch cabin pressure control 
system are a pneumatic controller 
and an associated outflow valve. 
Only calibration is required to 
adapt the controller to various air- 
craft cabin pressure requirements. 


Minimum or no servicing is needed. 


THE 





The outflow valve is a simple dia- 
phragm and spring operated valve 
connected to the controller by a 
pneumatic line. It may also serve 
as a safety valve in emergencies. 
An electrical or pneumatic over- 
ride can be provided to give the 


pilot manual control. 


This system is immediately avail- 
able for all aircraft models. 

You are invited to write for spe 
cific information on our systems 
and components and for the 
addresses of our licensees and rep- 
resentatives in Europe, the United 


Kingdom and Japan. 


CORPORATION 


AiResearch Manufacturing Divisions 


Los Angeles 45, California * Phoenix, Arizona + U.S.A. 


Designers and manufacturers of aircraft and missile systems and COMPONENLtS: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


TURBINE wOTORS + 


CARIN AIR COMPRESSORS + 








GAS TURBINE ENGINES + 


CABIN PRESSURE CONTROLS + MEAT TRANSFER EQUIPMENT + 


ELECTRO MECHANICAL EQUIPMENT + ELECTRON COMPUTERS AND CONTROLS 
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very many leading British aircraft. Long 
experience of the ordinary—and the 
extraordinary—and a habit of making 
fans that really perform to specification 


have combined to put Airscrew in an 


unrivalled position. 
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Firestone Corporal SSM-A-17 (Above, left) Surface- 
to-surface. Liquid-propellant sustainer motor. Over- 
all height, approximately 41ft; body diameter, 30in 
fin span, 84in; launching weight, 12,000 Ib; burn-out 
speed, Mach 3; maximum range, 50 miles 
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Convair Atlas SM-65 (Above, right) Surface-to- 
surface. Single airframe with liquid-propellant sus- 
tainer and flared base-skirt with two liquid-propellant 
boost motors; all chambers are fired on the ground 
and all have gimbal mountings. Height, approx- 
mately 80ft; body diameter, about 108in (114:n over 
flare): launching weight, more than 195,000 Ib; war- 
head speed, Mach 15; design range, 5,500 miles 


Utica-Bend Dart SSM-A-23 Surface-to-surface 

Solid (smokeless) sustainer motor. Length, approxi- 

mately 5ft; wing span, 50in; fin span, 36in; firing 

weight, about (0 ib; cruising speed, more than 
900 ft/sec; range, up to 5,000 yd. 























motor, subsonic cruise propulsion being pro- 
vided by a turbojet. 

Second of the major developments is the 
I'M-61B, which has now been evolved into the 
I'M-76 described at the end of this account 
Most of the Matadors in current service are of 
the TM-6IC variety, which incorporate addi- 
tional fuselage bays providing tankage for “‘sub- 
stantially longer range,” which can be utilized 
as a result of a new and much improved guid- 
ance system. The original “A” model was 
guided solely by the MSQ-series of command 
radar guidance, introduced to control manned- 
aircraft operations in Korea. MSQ requires a 
network of ground radars to keep the missile 
continuously in view, and it can thus provide 
positive control only as far as the line-of-sight 
limits of the last ground station. Incorporated 
in TM-6I1C is a second system, known as 
“Shanicle,” which lays down a long-range 
hyperbolic grid (like Gee), the Matador being 
pre-programmed to follow a required signal 
pattern, Unlike the MSQ system, Shanicle can 
handle numerous missiles simultaneously. It 
has also been reported that the “Achiever” 
radio-inertial system developed by A.C. Spark 
Plug Division of General Motors has been in- 
corporated in certain “C” Matadors. 

A complete TM-61C is priced at rather more 
than $60,000. This weapon has been phased- 
in as a replacement for the earlier “A” Mata- 
dor since April of this year, and it is widely 
used throughout the U.S.A.F., particulariy in 
overseas units. One of the most important of 
these units is the 701st Tactical Missile Wing, 
which comprises the 585, 586 and 587 Tactical 
Missile Groups based in Western Germany at 
Bitburg, Hahn and Sembach. Once per year 
each squadron is deployed to Wheelus A.F.B., 
Tripoli, for firing trials in the Libyan desert 
Each launcher and crew get a chance to fire 

one round on this range, so that the wing as 
a whole fires 36 rounds per year. This is 
backed-up by hundreds of simulated firings, in 
which T-33 aircraft fitted with Matador guid- 
ance practise the procedures of warhead arm- 
ing, pre-dumping and simulated dumping in 
response to non-verbal signals, both visual and 
oral, from the ground controllers using the 
MSQ system. 

Still more advanced and effective is the 
largely redesigned TM-76 Matador in which 
increased gross weight is matched with a 
smaller wing of reduced span, giving a con- 
siderable advance in all-round performance 
Most important is the fact that the TM-76 
operates independently of ground guidance, 
giving greater accuracy, much higher resist- 
ance to countermeasures and bad weather and 
improved base flexibility. The guidance system 
is the Goodyear Atran, which is basically a 
Doppler radar but also contains celestial and/or 
inertial elements. In February, Goodyear 
received a $1,279,496 contract to manufacture 
this system and a separate $1.1m was awarded 
in September for flight-testing. Thiokol supply 
the boost motor, which is manufactured by 
their Utah Division under a $709,758 contract 
placed in May. The Hallamore Division of 
Siegler have a $1.5m contract for miniaturized 
autopilot magnetic amplifiers, and Firestone are 
developing and testing TM-76 systems at 
their laboratories in Monterey. 

Announcement of the first test flight by the 
new Matador was made in March last year, 
when it was designated TM-61B. Develop- 
ment was centred at Holloman A.F.B., and a 
complete integrated system was evolved incor- 
porating the launcher, prime mover, test gear 
and ground-handling equipment. The TM-76 
system includes a remarkable vehicle which 
takes the place of two separate prime movers in 
the earlier Matador system. The weapon itself 
is mounted on a “Translauncher” made by 
Goodyear, which is towed by a “Terracruzer” 
made by the Four Wheel Drive Auto Com- 
pany, running on 12 balloon tyres which 
can be automatically inflated or deflated to suit 
the terrain. Ground transport is further facili- 
tated by the fact that the TM-76 has folding 
wings 

Like earlier Matadors the TM-76 can carry 
a conventional or nuclear warhead. Produc- 
tion began a few weeks ago, and the first units 
are scheduled to convert to the TM-76 early 
next year. A particularly valuable feature is 
that a proportion of the TM-76 production 
weapons are being equipped with a parachute 
system and inflatable landing air-bags, so that 
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user squadrons and research programmes can 
make far more intensive use of the missile, each 
round being recovered, serviced and used again 


Navaho Under this name North American 
Aviation worked under contract to the U.S. Air 
Force for almost ten years on the ultimate form 
of aerodynamic cruise-type, air-breathing 
weapon. As the years went by the missile got 
larger and more ambitious, and the scale of the 
operations 1s revealed by the fact that the over- 
all programme cost $690m. Finally it became 
clear that the production weapon would be 
sandwiched between the subsonic Snark and 
the ballistic ICBM, and the whole development 
was cancelled three months ago—undoubtedly 
the biggest weapon-programme ever stopped at 
the stroke of a pen 

When they felt fairly sure of their ground, 
North American built thirteen flight-test 
vehicles to prove the aerodynamics and flight- 
control system. Designated X-10, these were 
impressive delta-winged devices, with a canard 
fore-plane and twin afterburning turbojet 
engines—initially Westinghouse J40s and later 
Pratt and Whitney J57s. Operating from 
Edwards A.F.B. from 1952 onwards, the X-10s 
flew faster than any previous turbojet-propelled 
vehicle, establishing level speeds between 
M-= 2.1 and 2.3. In spite of their flashing per- 
formance they were equipped with landing 
gear and a braking parachute, and were landed 
“dead stick” at about 250 m.p.h. The first 
X-10 flew eight times and is now in the 
U.S.A.F. museum. 

Progressive improvements in configuration 
with the X-10s were carried across to the next 
stage, bearing the company number G-26 and 
the U.S.A.F. designation XSM-64. With this 
vehicle a switch was made to ramjet propul- 
sion. Take off was effected vertically, the basic 
G-26 being attached by pylons to a large rocket 
boost package comprising two 135,000-Ib 
barrels mounted at the rear end of a stream- 
lined tank for liquid oxygen and kerosine 
Twelve XSM-64s were manufactured, and the 
first was launched just a year ago. 

For many months the XSM-64 flight-test 
programme was dogged by misfortune. The 
first flight aborted at 9,000ft following the 
failure of a rate-gyro. The second, fired in 
March, carried off part of its launcher; this 
imposed unscheduled stresses until air loads 
finally tore the offending portion away, but 
boost separation took place correctly and the 
flight was only terminated by loss of thrust 
when the piece of launcher finally departed 
In the same month the third round was fired, 
and a “wild” signal from within the missile 
cut the boost motor after 25 seconds and the 
missile and boost fell into the Atlantic. On the 
fourth firing the boost unit kept burning for 
42 seconds but the ramijets still did not ignite, 
even though the maximum speed reached was 
Mach 1.6. Not until August 12 was a success- 
ful mission accomplished and on this occasion 
the limits reached were a speed greater than 
Mach 3, an altitude greater than 75,000ft and 
a horizontal distance of 350 miles (possibly the 
ramjet tankage was only partly filled). Instead 
of television, North American employed colour 
film in six airborne cameras recovered at the 
end of the mission 

The final weapon has never been fired. 
Bearing the company number G-28 and the 
U.S.A.F. designation SM-64A, it forms part of 
Weapon System 104 and marks the end of an 
epoch of missiles and piloted aeroplanes which 
fly to their target through the atmosphere at an 
approximately constant altitude. The SM-64A 
would have had a body as big as a B-47, fabric- 
ated from a wide variety of advanced materials 
including titanium alloys and bonded metal 
honevcombs. It was while working on this 
weapon system that North American evolved 
the process of chemical (etch) milling in 1953 

Like the G-26. the ultimate Navaho would 
have been launched vertically while riding pick- 
a-back on a huge boost package developed by 
the company’s Rocketdyne Division. The final 
boost design specified a single chamber of 
400,000 Ib thrust, but those actually constructed 
were equipped with three chambers, each of 
135,000 Ib thrust, supplied with alcohol and 
liquid oxygen for 45 seconds in order to reach 
the ramjet ignition speed of more than Mach 
1.8. The ramjets themselves were of the mag- 
nificent RJ47 variety developed by Curtiss- 
Wright and fabricated by the T. R. Finn Com- 
pany. Each unit had a diameter of 48in and 
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more than 40,000 lb. The method 

» was remarkable. The boost package 
was intended to lift the whole vehicle vertucall 
to 100,000ft, whereupon the canard fore-plane 
i be put fully down to push the assemo.- 
into a dive; the rampet ignition system 
operate during the high-speed dive 
ing height of 80,000ft at an ambient 
per ire of OUU Geg ae 
After boost-separation, the missile would 
then cruise at about this alutude to its distant 
target; and although larger and slower than 
the re-entry part of a ballistic weapon, prom- 
ised to have better warhead accuracy and to 
ts target before coming into radar 
wing to its much lower cruising alu- 
tude). Another advantage of the winged weapon 
is that it can take evasive action, and the 
WS-104 system was certainly intended to be 
able to detect and avoid defending missiles 
The guidance system was assigned to N.A.A.'s 
They evolved a pure 
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Autonetics Division 
inertial system, which was flight-tested on 
X-10s and was also operated at 90,000ft 


attached to helium balloons 

North American’s three Navaho divisions 
Missile Development, Autonetics and Rocket- 
dvne) received the lion's share of the immense 
sum of $690m expended on the programme, 
although they were supported by 2,680 sub- 
contractors. Undoubtedly the Department of 
Defense are correct in their contention that 
“had we cut it out last January, when we should 
have, we probably would have spent $100m 
less.” Nevertheless, the money has largely not 
been wasted, and North American recently 
pointed out that the programme generated 
“advanced developments of rocket-engine 
power and guidance systems which are applic- 
able to the ballistic missile programme A 
general research programme is stil] taking place 
at Patrick in the firing of five remaining G-26 
vehicles without undercarriage. Two of these 
recently flew some 500 miles, against a goal of 
1,200/1,500 miles 

Polaris In the early stages of the Jupiter 

IRBM (intermediate-range ballistic missile 
programme of the U.S. Army it was considered 
possible to produce, as an offshoot with only 
detail differences, a U.S. Navy version tailored 
to meet the demands imposed by shipboard 
handling. As soon as the Navy really looked 
into the question it became clear that their 
optimum weapon was of a quite different 
nature; an uneasy period of “marriage” fol- 
lowed, terminated by “divorce” on Decem- 
ber 1, 1956 

From that date the Navy have planned in- 
tensively for the Fleet Ballistic Missile System, 
known as FBMS. It is by far the greatest single 
weapon system yet attempted by any Navy, 
and its implications are widespread; it gives 
promise of being one of the most potent offen- 
sive devices in the world. The name of the 
missile itself is Polaris 

Responsible for the overall direction of the 
FBMS is the Special Projects Office of the 
Bureau of Ordnance. The director of this office, 
Rear-Adm. William Raborn, Jr., stated that 
the Defense Department's famous roles-and- 
missions directive (which gave all land-based 
IRBMs to the Air Force) “meant concentra- 
tion on a new, smaller, solid-propellant missile 

... in lieu of the liquid-powered Jupiter . . . 
which from the standpoint of naval striking 
power will provide a cheaper, safer and better 
weapon. It will save about $500m over the 
joint Army/Navy program; it will provide a 
production missile in limited quantities, a 
nuclear-powered guided-missile submarine 
and necessary supporting effort.” 

Lack of money enforced upon the Navy a 
conservative approach with the vast FBMS, 
and it has so far been taken in easy stages. 
Research and development contracts started to 
run for only about one month beyond the 
Fiscal Year which they began (i.e., to the 
end of July |! and have since been extended 
piecemeal. reover a calculated risk has 
been taken ix t providing full-scale support 
programmes 0 tain major components. But 
work began at beginning of this year in 
several fields, arly upon the problems 
of shipboard st and check-out, under- 
water readying a: g, precise ship naviga- 
tion, and the miss f 
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In order to manage the latter the Navy went Douglas Emerson Little 

to an aircraft company: Lockheed Aircraft’s John XM47 (Top) Surface- 
T to-surface. Solid sustainer = 

Missile Systems Division. This division has, motor. Length, 12ft; body 
with help from the Navy, put $30m into Polaris —_giqmeter, 12.5in; span, 33in; 
facilities in northern California, particularly at firing weight, 980 Ib; maxi- = 4 
Palo Alto and Sunnyvale. Initial design of the  . mum range, 18,000 yd 
Polaris airframe began at Van Nuys, but it is 
now centred at Sunnyvale, the original plant 
now concentrating on guidance and sub-con- 
tract design. Lockheed have 346,000 sq ft 
at Sunnyvale, where the current employment Douglas Emerson Honest 
of 6,000 will rise to 10,000 by the end of next John M31 (Above) Surface- 
year. Little need be said of the airframe, apart to-surface. Solid sustainer 
from the fact that it is short and squat and ‘™otor —. 27ft in; 
incorporates very advanced manufacturing eh oe at cote 
techniques. Lockheed have themselves gained of fins, 109in; firing weight, 
great experience in the nose-cone field with 5,980 ib: burn-out speed, 
their X-17 test vehicle, and this is being Mach 1.5; maximum range, 
supplemented by tests run on a 40ft shock- 35,000 yd 
tube commissioned last month. 

As already noted, the propulsion of Polaris —s and 
is effected by a solid-propellant motor. There 
have been numerous large solid vehicles fired 
in the U.S.A.—such as RV-A-10—but Polaris A.8.M.A. Chrysler Jupiter — vo 
will beat all. Prime contractor is Aerojet- (Right) Surface-to-surface ' 
General, but it is worth mentioning that Liquid-propellant motor with 
I hiokol have assisted in the Polaris programme Picight, cbecs 590 Sate dae 
and have delivered motors for test vehicles. je | 
. . . .. eter, about 100in; launch- | 
Thiokol’s new Utah plant at Brigham City can ing weight, about 100,000 Ib: | 
test motors up to 12ft diameter and 2,000,000 Ib — burn-out speed, Mach 10: 
thrust (much bigger than Polaris but still only design maximum range, . 

Aerojet, who for many months have 1,500 miles 


on paper 

been able to claim responsibility for the largest 
liquid-propellant motor known, announced in 
May the successful static testing at Sacra- 
mento of “the largest solid-propellant rocket 
ever built in the U.S.” It was the Polaris 
motor, which is now in production for the 
Navy Bureau of Ordnance. 

Although fundamentally “simple” like all 
solid motors, the Polaris propulsion system 
does its best to become complex. The mighty 
charge of plasticizer and oxidant weighs 
approximately 20,000 Ib, and (externally) is i 
the form of a cylinder, more than 4ft in 
diameter and from 25 to 30ft in length. Every- 
thing possible has been done to minimize 
length (to alleviate handling problems in a 
submarine) and the burning gases escape from 
a high-pressure plenum chamber through four 
propelling nozzles (which can be canted to 
impart initial spin for stabilization). The 
appearance of the system has been colourfully 
described as “an octopus with the bends.” The 
charge is not integral with the airframe, and 
several have been statically fired from a single 
Polaris-type body on a test-stand at 
Sacramento. One most important factor is that, 
with the stable solid-grain propellant, the cut- 
off is “ten times as accurate” as with most 
liquid motors. 

Few details of the guidance system of Polaris 
may be revealed, but it clearly is either radio 
inertial or truly inertial. Overall responsibility 
for guidance—and for the guidance of the 
launching vessel—is vested in the Massachu- 
setts Institute of Technology, but most of the 
manufacture is being done by General Electric, 
the prime contractor. The latter company are 
also prime contractor for the shipboard fire- 
control of the weapon, which is required to 
explode the warhead (unofficially stated to 
weigh over 1,000 Ib). A complete Polaris 
inertial guidance package was tested on the 
SNORT track at China Lake in the summer 
of this year. 

It is now appropriate to discuss the FBMS 
as a whole. Recently Rear-Adm. H. G. 
Rickover, BuShips asst. chief for nuclear pro- 
pulsion, announced that the closest approach 
now foreseeable to the ideal mobile platform 
for Polaris is the nuclear-powered submarine. 
“Armed with this,” he said, “the N.P.S. will 














become an underwater satellite. It will be large 
enough to store, maintain and fire IRBMs and 
it will be able to move anywhere at any time, 
completely submerged.” He went on to sug- 
gest that, in terms of deterrent value per dollar 
the FBMS would compete “more than favour- 
ably” with land-based systems. One advantage 
of the nuclear vessel is, of course, its absence of 
fuel tankage, making room for the bulky 
Polaris. 

One of the most critical research areas of 
FBMS concerns the navigation of the Polaris 
carrier. Before a distant target can be hit by 
the missile its launchers must know—accur- 
ately—from where it is being fired. The prob- 
lem is accentuated by the fact that the N.P.S 
will move in three dimensions at quite high 
speeds (perhaps 50 knots), may be one thou- 
sand miles from land and may stay submerged 
for many weeks at a time. The answer is to 
be found in SINS (ship’s inertial navigation 
system), developed principally by the Sperry 
Gyroscope Co. Dr. Draper, of M.I.T., has 
been instrumental in evolving the system, and 
Sperry have turned it into hardware and 
proved its accuracy to the satisfaction of the 
Navy. SINS can operate month-in, month- 
out with no checks from any known point on 
the earth’s surface. It has been evaluated suc- 
cessfully on EAG-153 Compass Island, which 
has the full FBMS navigating and stabilizing 
gear, no error greater than one-quarter mile 
having been recorded. A second converted 
merchant ship, EAG-154, will soon assist in 
this work. ‘© a lesser extent the FBMS is 
intended to include firings from surface craft, 
and the navigation system for these vessels 
will probably be related to the Sperry Cytac 
(which also has airborne applications). 

Numerous rig tests have solved most of the 
problems of underwater launchings, and the 
Navy have expressed themselves “confident 
that Polaris can be fired from a submerged 
submarine.” Recently a $10m contract was 
placed with Westinghouse for experimental 
seagoing handling and launching systems for 
Polaris, intended to lead to the definitive sub- 
marine system. The contract also covers 
various FBMS electrical and mechanical sys- 
tems for submarines and surface craft. Late in 
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Designers who must provide 
protection against high tempera- 
tures think of Delaney Gallay. 





Delaney Gallay high tempera- 
ture thermal insulation is but 
one aspect of our many years of 
research and practical application 
in an exacting field. A field 
which now embraces the specia 
problems of guided missiles. 

Designed to give reliable, safe, 
unremitting service with the least 
weight penalty under arduous 
conditions of heat and vibration, 
our thermal insulation blankets 
are in use over—and high above 
much of the world. 

Designers with problems of 
heat transfer also think instinctively 
of Delaney Gallay. 

Our heat exchangers have been 
the triumphant answer to a wide 
variety of problems in many 
industries. And the highly 
specialised demands of guided 
missile designers have been 
fully met. 

That is why tomorrow’s 
designers will unhesitatingly 
expect to get the same quality 
of service from us as our 
many present friends in the 





aircraft industry automatically 
rely upon now. 


DELANEY GALLAY LTD : 


Vulcan Works, Edgware Road, London NW2 
Telephone: GLAdstone 2201 
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Vertol 44 
solves transport problem 
for oil industry 


For military services both the Vertol 44 
and the H-21 are in service or on order 
in the U.S., Canada, France, West 
Germany and Sweden 


VERTOL 
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The petroleum industry has a new tool, the Vertol 44 helicopter 
to cut manhours, money and misery out of exploratory drilling 
at remote sites. 


The Vertol 44 is a heavy-duty, universal vehicle that makes the 
sky a 100 mph highway, almost any clearing a landing field.Gone 
is the need to hack roads in jungle, swamp and mountains. You 
may need it for these money-saving missions: 


-< 


y 


ET 


Flying Truck: The Vertol 44 carries more than 2 tons of cargo 
in tropical areas...transports the entire 175,000 lbs. of a drill rig 
over a distance of 50 miles out and back, in only 56 flying hours. 
Its 600 cu. ft. cabin accommodates 50% more cargo than any 
other commercial helicopter, with no problem of load placement. 


Flying Bus: Airlifts up to 19 passengers ... 2 typical field crews 
...to jungle derricks or offshore drills... flies exploration teams 


to otherwise inaccessible spots 

Flying Crane: Hops rivers, ridges and swampland with sling- 
loads of pipe, rig superstructure, large pump components or even 
mobile field offices. 


Flying Tractor: Frees mired vehicles, hauls barges, drags 
sledges. It has even towed a 3,000-ton ship. 


For more information on this multi-purpose vehicle for the oil 
industry, write to: Customer Relations Department 





MORTON, PENNSYLVANIA. 













FORGED BLADES FOR GAS TURBINES 


These blades are precision forged in 

the new forging shop specially built 

and specially equipped, with the 

largest capacity in Europe for the 

production of forgings for the Aircraft 
justry. 


The materials forged include 
STAINLESS STEELS 
ALUMINIUM ALLOYS 
ALUMINIUM BRONZES 
NICKEL ALLOYS 


AND TITANIUM ALLOYS 


Rear coset eas 
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Missiles 1957... 


(U.S.A.— continued) 


October further tests were held to explore the 
precise effects of ocean currents on the missile 
before the latter reaches the surface. Mech- 
anical stowage and firing problems are being 
tackled with a ship-motion simulator, erected 
in the desert by Raymond Loewy, the hyd- 
raulic-press firm. The strike of the Polaris 
nose-cone during firing trials will probably be 
pin-pointed by the SOFAR bomb, with a 
hydrostatic trigger, which will enable the im- 
pact-position to be fixed by cross-triangulation 

First of the new generation of N.P.S. vessels 

are the SSN-588, now well advanced at Mare 
Island Navy Yard, and the SSN-591, both of 
which are far larger than previous submersible 
craft. From FY58 money the Navy allocated 
$68m for the “Polaris and related equipment” 
not the whole FBMS), of which $15m was 
requested for new support facilities. Lock- 
heed have turned over 240 acres in the Santa 
Cruz mountains for Polaris R. and D., and 
major expansions of Polaris work are taking 
place at Patrick A.F.B., Aecrojet-General at 
Sacramento, and the BuOrd laboratories at 
White Oak, Maryland. Funding was tripled 
six weeks ago, and, although no total bill can 
be quoted, Lockheed Aircraft announced that 
the contract for $62.1m placed with them in 
September brought the total received for 
Polaris operations by the Missile Systems Divi- 
sion to $82.6m. 

These are trivial sums in comparison with 
other weapon systems of comparable magni- 
tude. The Navy once stated that they hoped 
to fire “a representative configuration” of 
Polaris in 1959, and early this year it was 
announced that the FBMS would “enter opera- 
tional service in five years.” Senator Jackson, 
who keeps a close eye on weapon systems, said 
in the summer of this year that Polaris was 
following a protracted schedule. He went on 
“I believe we may be neglecting one ballistic- 
missile system which could give us a quantum 
jump upward in our missile deterrent power.” 
Admiral Raborn announced an acceleration 
“to bring it into the front-line missile arsenal 
as rapidly as possible” almost the next day. 

Redeye This appropriate name identifies 
a small and simple infantry weapon which is 
being developed for the U.S. Army by Con- 
vair at Pomona (where that company mass- 
produces Terrier). Guided by a simple infra- 
red system, the missile is intended for opera- 
tions against armoured vehicles and sundry 
other targets, including, so it is reported, low- 
flying aircraft. 

Redstone 
ally in service 


Easily the largest missile actu- 
anywhere outside the Sovict 
Union, Redstone is (excluding Jupiter) the 
magnum opus of the Army Ballistic Missile 
Agency, at the arsenal from which the missile 
takes its name. Basically it is a straightforward 
ballistic device. The pointed nose and fore- 
body, containing a megaton-yield warhead, is 
guided by small-contro!l surfaces after it has 
separated from the main body, which is a 
wrapped-aluminium cylinder filled with pro- 
pellants fed to a single Rocketdyne chamber 
The powerplant and tanks form a section 34ft 
in length, 5ft more than the control-system 
warhead portion. Unlike the later ballistic 
weapons, the motor chamber is fixed, control 
being achieved in “V-2” fashion with external 
low-speed control surfaces and refractory plas- 
tic vanes operating in the jet from the motor. 

There are four main sections, joined together 
by an average of 20 precision-fitted peripheral 
bolts: the warhead, made by Honeywell’s 
Ordnance division; the guidance, by Ford 
Instrument division of Sperry-Rand, of the 
inertial air-bearing type, with a special-purpose 
computer; tanks for alcohol, liquid oxygen and 
a steam source to drive the turbopumps; and 


Martin Matador TM-76 Surface-to-surface 


boost motor, one Allison J33 turbojet for cruise propulsion 
22ft 10in; body diameter, S4in; launching weight 


44ft; wing span, 
about 13,800 Ib; cruising speed, more than 650 m.p.h 
maximum range, well over 600 miles 


Martin Lacrosse SSM-A-12 Su 

sustainer motor. Length, 20ft 

span of wings, 108in 

faunching weight, over 
irrespect 


the big rocket chamber, pressure in 
held constant by a Servomechanisms 
ler In all its 
thus an improved V-2, 
ment that it is a bit of a misfit in having limited 
range for so large a yield, and is nowhere near 
such good value for money as Jupiter. Produc- 
uon rounds are manufactured by the Chrysler 
Corpn., in the former Navy plant at Warren, 
near Detroit. Extensive tooling and widespread 
optical jigging have ensured complete inter- 
changeability and repeatability of performance. 
After assembly, each “flight tested” 
statically, disassembled and packaged for ship 
ment to a user battalion ysler have 1,67 
sub-contractors in Redstone production 

Most of the early production rounds were 
subjected to a complete apon-system evalua- 
uion at Redstone to double-check the inspection 
procedures at Detroit. Chrysler now conduct 
in in-plant inspection which weapons 
direct to the troops. The first experimental 
firing was in May 1953. Exactly three years 
later the 40th Field Artillery Missile Group 
Heavy) started training at Redstone 
concurrently putting the whole system through 
what is termed the “weaponization” stage. Also 
at Redstone is the 630th Ordnance Company, 
providing service support. The first opera- 
tional battalion was the 217th F.A.M.B., com- 
prising 600 men organized into two batteries 
each with one launcher [he U.S. Navy 
Dahlgren computation laboratory worked out 
the battalion firing tables. Full details of the 
method of employment of Redstone were given 
in our 1956 review, and on p. 883 is a photo 
graph of a weapon being assembled in the field 

Regulus Regulus 1 One of the simplest 
and cheapest turbojet aircraft of its size ever 
built, Regulus 1 was planned as a subsonic, 
cruise-type bombardment weapon capable of 
being carried by a submarine. In 1947 the U.S. 
Navy placed a development contract with 
Chance Vought Aircraft (then a division of 
United Aircraft), and the first successful flight 
took place in 1951. The basic vehicle has a 
swept, mid-mounted wing and vertical tail and 
is devoid of a horizontal tail. Launching is 
effected with two Aerojet-General solid boost 
motors, and cruise propulsion is provided by a 
centrifugal turbojet fed from a pitot-type nose 
intake. The airframe incorporates much light 
alloy/balsa sandwich, and the wings, each of 
which is arranged to fold inwards for ship- 
board stowage, incorporate large precision-cast 
magnesium panels 

From the outset, the development prototypes 
have been fitted with retractable landing gear 
and a braking parachute, and they have each 
flown an average of six missions. Some Regulus 
1 development vehicles have flown ten times 
the record is 16) and the total of approximately 
1,000 flights so far conducted includes many 
hundreds of successful recoveries. Many of the 
recoverable training missiles have been flown 
with drone-type command guidance, but opera- 
tional Regulus 1 missiles are controlled by Fair- 
child SPQ-2 shipboard radar, used in conjunc- 
tion with an autopilot and with the possibility of 
allegedly active homing for the terminal phase 

Regulus 1 went on active fleet service in 1955 
and has since been operated from submarines, 
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Regulus 2 So 


sented by thi 


the 
bare 


last August 
output back to “a 
the advance repre- 
Regulus 1 that it 
would have been better to have renamed it 
entirely Like Regulus 1 (SSM-N-8), the 
Regulus 2 (SSM-N-9) is a cruise-type weapon 
boosted b solid-propellant rockets and 
powered by a turbojet. It is likewise devoid of 
a horizontal tail, but the pitching moments in 
weapon are such that it has 
trailing-edge elevons and a fixed canard fore- 
I to increase stability. The fineness ratio 
has been greatly increased, and a comparison 
with the U.S.A.F. Snark shows that the naval 
planners have required Regulus 2 to have ex 
treme performance at the expense of range 
Most of the flying so far conducted has been 
done with development vehicles powered by 
Curtiss-Wright ]65 (Sapphire) engines of 7,800 
lb thrust, and provided with retractable landing 
gear and a braking parachute. Although the 
sharp-edged supersonic wing has very poor 
low-speed characteristics, these vehicles have 
successfully recovered, landing at more 
250 kt at full power with both clevons 
fully down. The first eight prototypes have 
averaged more than four flights apiece, and 
land-based testing is virtually completed. The 
performance of SSM-N-9 at Edwards A.F.B 
is described as “beyond expectations,” but it 
was marred by a single crash in June following 
the failure of command guidance 
Recently the first Regulus 2 was flown with 
the production engine, which is a special version 
of the constant-speed General Electric J79 with 
afterburner. The great increase in thrust from 
this engine provides a cruising speed well in 
excess of Mach 1, and the engine is fed from an 
inclined-shock ventral intake formed from a 
150-lb magnesium casting with 0.24in walls and 
a lip radius of 0.015in. Boundary layer is bled 
off above the intake and dumped overboard to 
form a fillet beneath the wing trailing edges 
Like the Regulus 1, a notable feature of the 
airframe is the use of large single sheets to form 
wing skins. Reynolds Aluminum supply 2024 
and 7075 plate, measuring 60in 180in and 
tapered from 0.25in at the root to 0.032in out- 
board. Control is effected solely by the elevons 
and rudder, the autopilot being the same Sperry 
unit as is used in Regulus 1 operating in con- 
junction with Stavid radio command, The 
production weapon will have a choice of at 
least two guidance systems, including a Sperry 
inertial guidance and another system developed 
at Milwaukee by A.C. Spark Plug (possibly 
resembling the A.C. Matador system 
Production SSM-N-9s will not, of course, 
have landing gear, and when under-wing tanks 
are fitted their range will reach 1,000 miles 
They will have megaton ability, and are likely 
to prove so potent that “a new generation of 
submarines” is being designed to carry them 
Ihe first ships designed to operate with a 
gulus 2 weapon system will be those alread) 
operating with Regulus 1, since the conversion 
is a minor one. The submarines Grayback, 
Growler and Firestone are being converted to 
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: t wv weap ind Halibut iat ear 
prope j t arine which is being built “Ir 
the k ip” to operate with Regulus 2. T 
first f Ket-boosted launching of a productior 
type Reg took place on November 13, and 
the weap is going into production at Dallas 
and should be perational next year 


Sergeant Owing to its early conception 











is only natural that Corporal should be far tox 
large and complex for the task which it 

forms. Sergeant, which will replace Corporal, 

a mode weapon carrying the same payload 

least a range with far less com 

imy “¢ lower cost, better field per 

formance and greater availability Like the 


earlier weapon, the basic development was con- 
jucted at the J].P.L. of the California Institute 
of Technolog N i 
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have been fired with sing and the 
Weapon 18 al profiting from the fact that its 
pulsion system has been extensively en 
ployed in the Lockheed X-17 re-entry research 
chicle 
|.P.L. a xced that “the latest technique 





Artist's impression of a North American G-28 
SM-64A Navaho. Weighing one hundred tons, 
the weapon climbs vertically, riding on a 
405,000 Ib-thrust rocket-boost unit (see text) 
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at Sperry-Rand’s Utah Engineering Labora 
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Snark Between 
Aircraft investigated the 

namic and structural problems of 
aircraft. This configuration was finally adopted 
for a pilotless bomber with the U.S.A.F. desig- 
nation XB-62, and a number of scale models 
were made for tunnel and free-flight invesuga- 
tions. This history was fully reported in our 
issue of March 16, 1956, and also in our 1956 
missile review. Development vehicles were 
flying in 1951 and representative configurations 
of the ultimate outcome, the SM-62 Snark 
missile, were first launched in 1954 powered 
by an Allison J71 turbojet. Numerous XSM-62 
development vehicles were fired from Patrick 
A.F.B., a number having under the body 
tandem oleo legs fitted with skids supplemented 
by small skids at the wing tips, so that, with 
a braking parachute, they could be recovered 
Thirteen such vehicles were lost during early 
testing as a result of various malfunctions, but 
the solid endeavour put in at this period has 
now resulted in a weapon system of exemplary 
reliability. In its fully developed form the 
SM-62 Snark is a shapely aircraft-type weapon 
with a high-mounted, swept wing fitted with 
elevons. In conjunction with the swept fin and 
tiny rudder, these surfaces serve all the stability 
and control functions; there is no horizontal 
tail. 

As at present conceived, the SM-62 is fired 
from a zero-length launcher under the thrust 
of two Aerojet-General solid boost motors. It 
then climbs away on the power of a constant- 
speed Pratt and Whitney J57 turbojet up to 
an altitude of approximately 50,000ft, there- 
after following a cruise-climb path at Mach 0.94 
for a range of approximately 5,000 miles, even- 
tually reaching a height of some 55,000ft. Drop 
tanks are carried under the wings and jetti- 
soned during the journey. Extensive aero- 
dynamic investigations have resulted in a con- 
figuration which, although it flies at what may 
seem an excessive angle of attack, has the 
optimum lift/drag ratio and a specific range 
of better than one mile per gallon 

Noteworthy parts of the structure include 
the upper and lower wing skins, for which 
single slabs of cast magnesium alloy were 
evolved, and the numerous areas fabricated 
from aluminium honeycombs. The powerplant 
group forms a compact package at the rear, 
the remainder of the lengthy fuselage being 
occupied by kerosine tanks, guidance and con- 
trol systems and the megaton-yield warhead 
The latter is accommodated in the nose, where 
it is released by Bohanan force-ejection devices 
in the final supersonic dive on to the target 
Beneath the nose is the large radome, by 
Zenith Plastics, which is presumably associated 
with countermeasures systems. The guidance, 
which is also a product of Northrop Aircraft, 


and 1948 Northrop 
widespread acro 
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weighs approximately 1,000 Ib and is an 
unusual and interesting hybrid device com- 
bining celestial (star-tracking) and inertial 


functions. Northrop originally suffered greatly 
from the problems of launching acceleration 
and in-flight vibration, but these were cured 
by a “reliability program” applied to the 
guidance system 

During the past two years, a large number 
of development XSM-62s and pre-production 
SM-62s have been tested from Patrick A.F.B 
Some of the former have been flown on out- 
and-return flights and landed back at Patrick. 
but one weapon achieved notoriety in December 
last year when an XSM vehicle under com- 
mand guidance from Patrick failed to make a 
required turn and was written-off as “lost in 
the jungle of E. Brazil.” In April of this year, 
when a complete airframe had just completed 
structural testing at W.A.D.C., an order was 
placed for 50 additional development SM-62s, 
and by June the total Northrop employment 
on the weapon reached 7,800. The big ques- 
tion of whether or not the weapon would be 
put into the U.S.A.F. inventory was answered 


FLIGH | 


the following month, when a production ord 
for $73m was placed, with delivery to Strateg 
Air Command due to start in the second h 
of FY58, i.e., between January and June ne 
year. The former assistant defence secretar 
Ruben B. Robinson, said: “it is possible 
activate Snark squadrons by the end 
calendar 1958 It has its disadvantag 
of being subsonic, but will probably have quit 
an accurate guidance system as is 
visualized and a very good circular-error prob 
ability.” This seems to have been borne out 
by a development flight on October 30 when 
Snark conducted a complete simulated missio: 
in the face of various types of interception and 
countermeasures, and struck a target at least 
4,000 miles from Patrick “with unprecedente 
accuracy.” This was hailed as “the first truc 
demonstration of intercontinental nuclear 
capability in the world.” 

The complete SM-62 weapon system can 
be transported in a C-124, including th: 
launching vehicle which is towed by a tractor 
and carries the weapon on zero-length pivot 
ing arms (originally a 29ft elevating rail was 
employed). The three launchers assigned 1 
an S.A.C. squadron can be operated from an 
reasonably flat site and can theoretically con 
duct twenty firings in a 24-hr period. Last 
month contractors were assigned to prepare 
facilities for the first operational sites on the 
Atlantic seaboard. Northrop have also pre 
pared studies for an RM-62 reconnaissance 


Snark for damage-assessment missions after 
ICBM strikes 
Thor When the Wilson Memorandum of 


November 1955 gave the U.S. Air Force com 
plete control of all weapons with a range greater 
than 200 miles the U.S.A.F. instituted a “crash 
programme” for an IRBM (intermediate-range 
ballistic missile), to compete with the U.S 
Army’s Jupiter. From the outset this pro- 
gramme has been fraught with politics, and 
the prime contractor—Douglas Aircraft—has 
had the unenviable task of rushing through 
critical decisions, accelerating firing trials in 
the glare of public limelight and producing a 
reliable weapon at the earliest moment, know- 
ing all the time that the final weapon might be 
not their own but the Jupiter, or a hybrid 
“Thorpiter” drawing upon both programmes 

There is no parallel case of a major weapon 
system being developed in such a critical 
climate, or with the knowledge that it may 
have to be “married” with a quite different 
system—causing frustration, rather than acting 
as a spur to greater efforts. 

Be that as it may, Douglas and their sub- 
contractors have performed a series of miracles 
in producing SM-75 Thor in exactly one year 
rhe overall weapon system, WS-315A, draws 
heavily upon the Atlas ICBM; it uses for pro- 
pulsion a unit resembling an Atlas boost motor, 
it has the Atlas nose cone and its guidance 
involves equipment already largely developed 
for either Atlas or Titan. In contrast to the 
more conservative, and less-wealthy, U.S 
Army, the Air Force have gone into their 
IRBM programme head-long, on a maximum- 
risk basis. Douglas have designed Thor as a 
production weapon from the outset, and, long 
before a complete missile had been assembled, 
development XSM-75s were being produced 
on an assembly line using production tooling 
Altogether the programme has followed Cook 
Craigie lines, in which a widespread and inten- 
sive programme of testing has been used to 
ensure that each development missile is slightly 
nearer to the definitive operational weapon 
than was its immediate predecessor. 

By so doing, the U.S.A.F. have made it pos- 
sible for Douglas to be in a position to deliver 
in bulk at a relatively early date; and they have 
not been reluctant to use the fact that Thor is 
built on an “assembly line” in their bitter 
political battle with the team developing the 
Army Jupiter. It is only natural that such a 
policy should have led to relatively unsatis- 
factory progress in the early stages of flight 
trials, and the Army in their turn have seized 
on Thor's “series of disasters” as useful 
ammunition for their own cause. 

Thor is a single-stage missile, with a light- 
weight airframe drawing upon the experience 
of such companies as Convair, North American 
and Martin. At the top is the nose cone, almost 
a facsimile of that evolved for the SM-65 Atlas. 
The nose-cone contract held by General Elec- 
tric’s MOSD amounts to $158m, and of this 
about $40m is probably ascribable to SM-75. 
Next comes the Sandia warhead, probably 
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weighing about 1,500 Ib, and the third maior 
section contains the guidance package, acces- 
sible through a large door shown in the 
drawing. 

Prime contractor for guidance is the A.C 
Spark Plug division of General Motors, who 
in July were awarded their definitive research 
and development contract, which came to 
$38m. The system includes an inertial plat- 
form with Minneapolis-Honeywell HIG 
liquid-floating gyros. As a backstop is a 
Western Electric system (evolved for the Titan 
ICBM) of the radio-inertial type. B.T.L 
Bell Telephone) ground radar is specified and 
Packard-Bell are also named as a maior elec- 
tronics contractor. Sperry-Rand supply the 
essential Univac computer. 

The rest of the airframe consists of integral 
tankage for the liquid oxygen and kerosine, 
and although it is pressurized this is done 
as much to assist propellant feed as to preserve 
shape and structural integrity. Each tank is 
built up from three panels each forming a 
120-deg segment of the finished section. Care- 
ful stretch-press operations give the panels 
curvature in two planes—the drawing shows 
that overall diameter changes constantly—and 
the inside of each skin is milled to leave a type 
of “waffle” pattern giving adequate stiffness. 
rhe web thickness, which is held to great 
accuracy, is reported to be 0.25in. 

At the bottom is the gimbal-mounted Rocket- 
dyne S-3 motor, rated at 160,000 Ib thrust. 
This is higher than the thrust of the Atlas 
boost motor, but the chambers are not dis- 
similar. All control of the flight of Thor is 
obtained by varying the axis of the chamber. 
Surrounding the motor is a flared skirt on 
which are mounted four small delta fins, giving 
increased stability during the first few seconds 
of flight. 

Thor thus makes a neat package of destruc- 
tion; yet even the engineering skill of its 
creators could not save the flight-test pro- 
gramme from a bad start. The first XSM-75 
was on the firing pad at Patrick in November 
1956, twelve months from the start of design 
and six months earlier than the first XSM-65, 
which contributed so much to its rapid design). 
It took two months to assemble a complete 
set of ground units, conduct all the checks and 
bring everything to a state of full service- 
ability. Thor No. 1 took to the air in January. 
It rose a distance estimated variously as “two 


feet” and “a matter of inches”; then con- 
tamination by foreign matter in the liquid 
oxygen caused a malfunction in a starting 


valve, resulting in an immediate loss of thrust 
The XSM-75 fell just hard enough to cause 
structural failure, and the remaining pro- 
pellants exploded. 

It was not until April 23 that the Douglas 
engineers and their sub-contractors were able 
to fire the second round. This one achieved a 
clean launching, but shortly began to “wander” 
from its programmed course (this was chal- 
lenged later, by a report which claimed that the 
Patrick tracking system was at fault) and, in 
order to prevent it from falling on the Florida 
mainland, was detonated by the range-safety 
officer after a flight of 38 sec. Even more 
galling was the fate of XSM-75 No. 3, which 
was scheduled for firing in June (before an 
expectant audience estimated at 1,200 sight- 
seers). Four minutes before the end of the 
count-down, an electric circuit associated with 
the kerosine pressure-regulator shorted, leading 
to an uncontrolled fuel spillage. Two spectacu- 
lar explosions followed and the weapon was 
engulfed in a vast fireball of kerosine, most of 
which had burnt when the liquid oxygen tank 
burst shortly afterwards 

This seems to have been enough “crash 
programme” for both Douglas and the Air 
Force, who have since followed a policy of 
advancing more methodically in smaller steps 
No longer has the entire weapon system been 
made to work at each firing; instead a policy 
of maximum reliability and intensified static 
and component testing has been adopted. 
Douglas and the U.S.A.F. each put $3m into 
a Thor test-facility on 1,700 acres near Nimbus, 
Sacramento (adjoining the Aerojet-General 
“campus”), which, begun in November 1956, 
is now engaged in captive firing of complete 
weapons. By July Douglas were training Air 
Force personnel with SM-75 mock-ups and 
the flow of XSM-75 development rounds 
passed the one-a-month level. ; 

On the fourth and fifth firings success still 
eluded the harassed team, but on September 20 
the sixth XSM-75 went “all the way” at last, 


with a flight of 1,350 miles with excellent 
telemetering. The next, fired on October 4, 
exceeded its design figures by a substantial 
margin and went some 2,000 miles down- 
range. In that month the Defense Department 
pointed out that less than ten per cent of the 
test vehicles allocated to the IRBM (Jupiter 
and Thor) programmes had been fired, and 
called for a major acceleration. Douglas 
responded with a second firing in the same 
month (on October 23) this being the eighth 
round and the third consecutive success. There 
have been several firings since 

Engines for XSM-75s have been built at 
Rocketdyne’s main plant at Canoga Park, Cal 
Production motors are manufactured at the 
new $13.2m facility at Neosho, Missouri, which 
also produces units for Jupiter and Atlas 
Employment at Neosho has already climbed 
to 750 and should reach double this number 
by next June. The first Neosho-built Thor 
engine carried out the test-stand “shake-down” 
tests early in October, and production units 
are now being put through regular acceptance 
tests. Firings at Patrick are being accelerated, 
and the J.C. Harper Construction Co. were 
recently awarded a $700,000 contract to 
“change the house and loading dock for 
WS-315A” at this establishment. Thor trans- 
porters are built by the Fruchauf Trailer Co 
against a contract worth $15m 

Douglas Aircraft’s own major SM-75 con 
tract so far is for $67.5m; placed in January, 
it covers “airframe fabrication and testing.” 
Largest of the individual contracts is the Wes- 
tern Electric/B.T.L. (Whippany, N.J.) guid- 
ance contract, which, including SM-68 Titan, 
was finally agreed three months ago at 
$104,192,000. Total IRBM investment by 
October was $430m, of which WS-315A has 
absorbed about $230m. It is reported that 
about $130m is allocated to the programme 
from FY58 funds. A single production SM-75 
would cost about $500,000. 

As noted at the outset, the production 
U.S.A.F. weapon will be either Thor, or the 
Army Jupiter, or a hybrid “Thupiter” or 
“Thorpiter” (according to the ratio in which 
the weapons are merged). On September 13, 
Charles Wilson, about to retire from the posi- 
tion of Defense Secretary, said “the merger 
can be achieved without undue delay I 
believe that it is possible to produce such a 
merged weapon in quantity in about a year.” 
Burt, at his final Press conference in October, 
Wilson announced the temporary shelving of 


plans for a merger, on the advice of the 
Holaday-Medaris-Schriever committee. Thor 
has no shortage of funds, and both it and 


Jupiter will be developed further to see if 
either shows itself to be clearly superior 
Last week the Department of Defense took 
the momentous decision of allowing the 
development programmes for both Thor and 
Jupiter to go at least as far as the preliminary 
stages of production; and it was implied, but 
not stated definitely, that the two weapons 
might be procured in inventory quantities and 
operated alongside each other by Strategic 
Air Command. In the past few days additional 
Thor and Jupiter development vehicles have 
been fired; and, surprisingly, one of the latter 
malfunctioned owing to “technical difficul- 
ties.” As is briefly noted in the description of 
that weapon, the nose cone of Jupiter is coated 
with from seven to ten layers of refractory 
plastic material, the underlying structure being 
a skeleton of titanium alloy; several of the 
outer layers are allowed to burn off during 
re-entry. Thor, on the other hand, has a 
slightly different type of nose cone, although 
part of the re-entry body is covered with 
special plastic laminates with a depth equal to 
half the probable wave-length of long-range 
radars, so that the reflected signal is greatly 
reduced in strength. Most of the Thors so far 


Northrop Snark SM-62 Surface-to-surface. Two 33,000 Ib-thrust solid boost motors, one Pratt 
and Whitney J57 turbojet for cruise propulsion. Body length, excluding probe, 69ft; win 
launching weight, over 48,000 Ib; cruising speed, Mach 0.94; maximum range. 5, 
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Surface-to-surface 
Overall height, about 32ft 


Sperry Sergeant (Left, above) 

Solid sustainer motor 

body diameter, 36in; fin span, about 110in. Launch- 

ing weight, probably about 15,000 Ib: burn-out speed 
at least Mach 3; maximum range, about 50 miles 


Surface- 
with 


Chrysler Redstone XMS5 (Right, above) 
to-surface. Liquid-propellant sustainer motor 
jet-deflection by vanes. Height, excluding nose 
probe, 63ft; body diameter, 72in; fin span, 12ft 
launching weight, about 40,000 ib; burn-out speed 
Mach 5; maximum range, more than 200 miles 


fired have been engaged in the development of 
airframe and propulsion, the former in par 
ticular being entirely new and somewhat of 
an unknown quantity in comparison with the 
so-called “hand-built” and relatively conven- 
tional body of Jupiter. Most of the XSM 
75s have been equipped to follow a pre 
programmed trajectory using an autopilot, 
whereas the Army weapon has now completed 
numerous trials with full guidance 

As a result of the Macmillan-Eisenhower 
talks early this year, the outcome of the Thor 
Jupiter programme will be supplied not only 
to the U.S.A.F. Strategic Air Command but 
also to the United Kingdom. Nuclear war- 
heads will not be supplied, but will be retained 
by U.S. forces—presumably the 7th Air Divi 
for allocation to the British IRBM user 


sion 
presumably the Army—on Presidential 
authority 

Titan During 1955 the U.S. Defense 
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head and nos Only the first-stage motor 
is fired on the ground, the second unit being 
tarted att t of burn-out and separation 
f the first stag 
As far as possible airframe weight has been 
ninimized b loying integral tankage and 
thin skins. In general, however, skin gauges 
n the first stag ire greater than those in 
Avlas (SM-¢ nee the overall missile stands 
much higher 1 the first stage has to bear al! 
the weight of tl econd. Virtually all the 
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rated at 1) Ib thrust; the rating of the 
< tor is 60,000 Ib. Both units 
run o xvg ind kerosine. Titan 
motors are fabricated at the company’s Metal 
Parts plant (U.S.A.F. Plant No. 70), Sacra- 
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is used im average once per day. It was 
stated last th that Titan propulsion is on 
two possible guidance systems 
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Martin Titan SM-68 


a separate stages, eac! 





with a gimba 
eight, about 105ft; body d 
120% 2 hing weight, ab 
speed, Mach 15; design max 


Douglas Thor SM-75 (Far right) Surface-te surface 


gurd-propellant with gimbal-mounted 
hamber Height, at t 65ft; maximum body dia 
100 aunching weight, probably 


t speed, Mach 10; design 
ximum range, 1,500 miles 


as a back-stop against failure the first, 
stem by Western Elec 
boratories, at Whippany, 


N.J. Their contract, which includes a similar 


f 










tem for th SM-75 amounts to 
$104,192,000. I system is almost certain 
t ncort ate a iter by the Remington 


nivac) division of Sperry-Rand, at 
A further computer is under 
at Beckman’s new plant at 
d ground radar for the radio 
ertial system is being prepared by Bell Te 
ll Titan electronics are 

1 very arduous, specifica- 
ions, and are “rugged” enough to retain high 
reliability without antivibration mounting. A 
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vce package was subjected to 
icceleratior i vibration tests last April, using 
the supersonic SNORT track at China Lake 
Prime contractor for the nose cone is Avco, 
at Lawrence, Mass, whose Everett, Mass, faci- 
lity hold a contract for $111,308,359 for this 
vital component. Their large shock-tube has 
proved invaluable in simulating—literally 
juplicating—re-entry conditions in the labora- 
tory. This is a technical “break-through” on 
1 par with the discovery of the properties of 
the blunt nose itself, and it has allowed the 
final design of nose cone to be determined 
before the first SM-68 has been fired. Avco 
have been in production with prototype nose 
cones for six months. Responsibility for the 
warhead is vested in the Sandia Corpn., at 
Albuquerque 
Martin’s enormous effort on Titan is pro- 
gressively being concentrated at a completely 
new plant built for the purpose at a cost of 
at least $15m. The headquarters of the com- 
pany’s Denver division, it is some 20 miles 
from the city in Jefferson County, Colorado 
Che plant layout, which is largely unclassified 
not secret), reveals that the task of mass- 
producing an ICBM cannot be efficiently under- 
taken in a former aircraft plant: (and, should 
this ever be of interest, that the reverse its 
virtually impossible Complete first and 
j -s of SM-68 will finish up on 
nd the missiles will leave the 
modest door at one end. They 
will then be taken to vertical test stands for 
acceptance trials. Baldwin-Lima-Hamilton are 
1 major supplier for test stands, and the instru- 
mentation includes 10 of the large Beckman 
101 analogue computers. Transtainers (trans- 
porter-containers) for SM-68 are of novel 
design, with a structure of aluminium alloy 
lranstainers, and much of the other ground 
gear are built by North American’s Los Angeles 
ision 
Several prototype SM-68s are nearly com- 
plete. Structural testing began on schedule in 
i the first firing should take place early 
next year. Altogether the programme has been 
rapid and successful, reflecting the ability and 
experience of the contracting companies. It is 
surprising to note that the programme is 
reported to have been “stretched-out” by no 
less than ten months, owing to economy 
measures dictated at the highest level. The 
original schedule called for 80 inventory 
SM-68s to be on S.A.C. firing pads by 1961. 
It is significant to note that Charles Wilson, 
when he was Defense Secretary, said, “the one 
we think is best is probably further behind, 
implying that SM-68 may be a better 
weapon than the SM-65 Atlas It should be, 
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if starting later is a reasonable criterion 

Triton In order to acquire a full “spec- 
trum” of guided weapons, the U.S. Navy 
sponsored the development of a long-range, 
supersonic, air-breathing bombardment mis- 
sile falling mid-way in capability betwecn 
Regulus 2 and Polaris. McDonnell Aircraft 
were selected as prime contractor and they 
evolved a fine-looking airframe 47ft long, and 
with a cylindrical body 57in in diameter, 
housing kerosine fed to a pair of large ramjets 
bigger than those used in Talos). Extensive 
research, tunnel testing and systems develop- 
ment took place between 1955 and the summer 
of this year; in particular, a self-contained 
guidance system was evolved by Goodyear 
incorporating Kearfott inertial-quality gyros 
and reported to form a unique and relatively 
cheap system). 

The weapon would have weighed about 
20,000 Ib with fuel for a range of 1,500 miles, 
cruising at 80,000ft at Mach 3.5. Two large 
solid boosts were intended to launch Triton 
from any ship equipped to carry Regulus, and 
it is probable that Triton would have been a 
very effective weapon, particularly in its later 
“zip-fuel” developments. Nevertheless, the 
programme was cancelled two months ago, in 
view of the supposed imminence of the Fleet 
Ballistic Missile System. Total expenditure 
was $24m, of which McDonnell received $6.5m 
in one contract. Out of the 750 engineers in 
that company’s engineering division, some 300 
were assigned to Triton, but no redundancy is 
expected to ensue. Certain aspects of the pro- 
gramme, especially those concerned with guid- 
ance, are being continued 


Chance Vought Regulus 2 SSM-N-9 Surface-to-surface. Solid¥boost motors (not shown) and 
one Genera! Electric }79 turbojet for cruise propulsion. Length, 57ft; span, 20ft; launching weight, 
23,000 Ib; cruising speed (also maximum), Mach 1.9; ultimate range, 1,000 miles (with drop tanks) ’ 
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in Airport Radar 
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Planning and 
Installation 
of Military 

and Civil 
Radar Systems 


TYPE SNW SO Series 






















TYPE § 264 AIRFIELD CONTROL RADAR 


has been specifically designed for civil air 
traffic control and is not a modified 
military type. It operates at full efficiency 
in all weathers because the wave- 

length is long enough to penetrate cloud. 
Ground clutter which obscures aircraft 
response is removed by means of 

an extremely effective M.T.L, thus 
rendering identification procedure 
unnecessary. The equipment Is instantly 
operational at its rated performance 








TYPE SNW 50 3 cm 
STORM WARNING RADAR 


Storm Warning Radar can now be 
recognised as an important element 

of an Airport Radar system. 

The SNW 50 provides an accurate and 
up-to-the-moment picture of the movement of 
storm centres and areas of precipitation over 
ranges up to 200 n. miles. Remote displays, 
static or mobile versions are available. 


MARCONI 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 


because it is crystal controlled and 
needs no adjustment after switching on. 
The S 264 is suitable for monitoring air- 
craft on airways at the approach to 

the control zone, controlling them in the 
stacks and feeding them on to ILS or 
PAR, providing limited P.P.I. controlled 
approach to runways and taking 


TYPE S264 





control of outbound aircraft as soon as 
they are airborne 
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... but specify | | 
Bestik for | 
constructional work 
that withstands 

all strains 


When it comes to permanent and dependable 
sealing you can rely upon ‘Bostik’ Sealing 
Compound. 

Produced to withstand all flight strains, ‘Bostik’ 
has proved itself the top-flight sealing compound 
during more than twenty years of flying. 

Tell you more about ‘Bostik’ for pressurized cabins 
integral fuel tank sealing, screen glazing ? 

We'll be glad to. 


The word ‘Bostik’ is a registered trademark of :— 


B. B. CHEMICAL CO. LTD., ULVERSCROFT ROAD, LEICESTER 





Space .... Satellites .... and spray packaging 





Recently R. A. Brand's Spray Packaging Division were 
called in to “Cocoon” an American earthbound 
satellite for its homeward journey from the S.B.A.C. 
Show at Farnborough 








In industry, space (before the day of the Sputniks) 
often means storage and the problems connected with 
Storage .. . the preservation of idle plant, engines and 
machinery, from corrosion, for example 









Battleships, aero engines, industrial machinery, 
vehicles and now satellites R. A. Brand's have 
preserved them all 







Manufactured by 


Works Road ~* Letchworth * England * Telephone: LETCHWORTH 1990 
Cocoon” & ‘*Texikoon"’ are the registered trade marks of R. A. BRAND & CO. LTD 
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SERVICE AVIATION 


Royal Air Forces and 


Honorary Royal Physician 
PPOINTED Honorary Physician to the 
Queen, A.V-M. James Hill succeeds 
A.V-M. F. E. ' who is retiring 
from the R.A.I 
A.V-M. Hill was last month appointed 
Principal Medical Officer at Home Com- 
mand, after serving as P.M.O. at Technical 
Training Command since 1954. He joined 
the medical branch of the R.A.F. in 1927. 


Publicity Award 
Af the Air Public Relations Association 
reunion in the R.A.F. Club on 
November 28 the C. P. Robertson Trophy, 
awarded annually for the most effective 
piece of publicity for the R.A.F., was pre- 
sented to Mr. Alan Chivers of the B.B.C. 
Mr. Chivers was executive producer of the 
television programme This is Your Royal 
Air Force, first seen on May 15. The 
trophy was presented to him by the Secre- 
tary of State for Air, Mr. George Ward. 


Benevolent Fund Aid 

INANCIAL aid by the R.A.F. Benevo- 

lent Fund to members of the R.A-F., 
W.R.A.F. and their families and dependents 
totalled £430,970 during the first nine 
months of this year, an increase of 
approximately 6 per cent compared with 
the corresponding period of 1956. For 
London, the figure was £25,128 higher 
than for last year, although the number 
of instances in which help was given 
remained approximately the same—12,191 
as against 12,154. 


Antarctic Christmas 


HIS will certainly be a white Christmas, 

and perhaps a very busy one, for the 
four-man R.A.F. detachment with the 
Trans-Antarctic Expedition. Now that Dr 
V. E. Fuchs and Sir Edmund Hillary are 
on the march to their historic meeting, the 
detachment’s Otter and Auster have to be 
at continual readiness to carry stores or 
give assistance if required. This means 


Naval Aviation News 


that the two pilots, $/L. J. H. Lewis (com 
manding officer) and F/L. G. Haslop, will 
on Christmas Day be either flying towards 
the South Pole or on stand-by; and the two 
ground crew N.C.O.s, F/Sgt. P. B. Weston 
and Sgt. E. Williams (who has now spent 
two years continuously in the Antarctic), 
will be alert to see that their Otter and 
Auster charges are serviceable. 


R.A.F. Appointments 


MONG appointments recently an- 
nounced by Air Ministry are the 
following : — 
G/C. A. G. Douglas to H.Q., 
administrative staff duties; G/C. 


F.E.A.F., for 
R. F. Folley 


to H.Q., Coastal Command, for administrative 
staff duties. 
W/C. A. G. Sutton to H.Q., No. 40 Group, 


with the acting = os 
S. Baker to R.A.I 

138 Sqn.; wick P 

Trooping 
W.H 


for air staff duties 
group captain); W/C. 
tering, to command No. 
Cartridge to the Joint Services Air 

Centre, Hendon, to command; W/C. 
Ingle to R.A.F. Lindholme, for administrative 
duties; W/C. R. E. Skelley to Air Ministry, 
for duty in the Department of the Chief of 
the Air Staff; W/C. F. O. Barrett to No. 5 
F.T.S., to instruct; W/C. P. C. Cleaver to Air 
Ministry, for duty under the Ait Member for 
Supply and Organization in F.E.A.F. as a mem- 
ber of the Asian Establishment Committee; 
V/C. B. G. F. Drinkwater to No. 6 F.T.S., to 
instruct; W/C. C. T. Nance to the R.A.F. Staff 
College, Andover, for directing staff duties; 
V/C. T. A. Whiting to R.A.F. Cottesmore, for 
flying duties; W/C. H. Woffindin to H Q., 

27 Group, for technical staff duties; W/C 

W. D. Woods to H.Q., 18 Group, for technic: al 
duties as Senior Technical Staff Officer; Acting 
Wing Commander K. E. Hollom to H.Q., 
Flying Training Command, for equipment staff 
duties. ‘ 

S/L. J. C. Archibald to Air Ministry, for 
duty in the Department of the Air Member for 
Supply and Organization (with the acting rank 
of wing commander); S/L. R. W. Marshall to 
R.A.F. Records Office, for administrative duties 
with the acting rank of wing commander); 
S/L. G. H. Melville-Jackson to R.A.F. Tang- 
mere, to command No. 25 Sqn. (with the act- 
ing rank of wing commander); S/L. 3. J. N. 
Neal to Air Ministry, for duty in the Depart- 
ment of the Air Member for Supply and 








A.V-M. H. D. Jackman, C.B., C.B.E., whose 
appointment as A.O.C-in-C. Maintenance 
Command was recently announced. 


Organization (with the acting rank of wing 
commander); S/L. J. Campbell to Air Ministry, 
for duty in the Department of the Chief of the 
Air Staff (with the acting rank of wing com- 
mander); $/L. L. Cottingham to the Ministry 
of Supply (with the acting rank of wing com- 
mander); S/L. J. W. J. Leggett to R.A.F 
Horsham St. Faith, to command No. 141 Sqn 
with the acting rank of wing commander); 
S/L. B. W. Parsons to R.A.F. St. Eval, two 
command No. 42 Sqn. (with the acting rank of 
wing commander 


IN BRIEF 

R.A.F. command, station and individual 
road-walking championships will be held 
at Henlow on January 29, 1958. 

* * * * . 

A total of 452 spare-time observers 
371 men and 81 women—were recruited 
last quarter by the Royal Observer Corps 

. * * . . 

Damage as a result of the fire at R.A.F 
Akrotiri in Cyprus last week has been esti- 
mated at over £lm. A Venom and fou: 
Canberras were virtually destroyed. 

* > * . * 

Learmouth, one of the wartime airfields 
built for the defence of Darwin, is to be 
reconditioned for present-day R.A.A.F. 
use at a cost of £A500,000. In the extreme 
west of Australia, it is situated on the shore 
of Exmouth Gulf, south of the Monte Bello 
Islands. 


H.MS. “Ark Royal’ 
launched 36 aircraft 
—I8 Sea Hawks, 12 
Sea Venoms and six 
Wyverns—by steam 
catapult in less than 
twenty minutes while 
lying at anchor in the 
Firth of Forth last 
week. Here one of the 
Wyverns is on the 
point of departure 
and a second stands 
by to go; while a 
Whirlwind on plane 
guard duty gives this 
F.AA. portrait a 
markedly Westland 
character 
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CORRESPONDENCE 


The Editor of “Flight” is not necessarily in agreement with the 

views expressed by correspondents in these columns; the names 

and addresses of the writers, not for publication in detail, must 
in all cases accompany letters 


In Defence of the Ministry 
HAVING experienced a reasonable share of the fatuities per- 
petrated by this country’s civil aviation Ministry, it is with 
reluctance that I write to suggest one instance in which this body 
may well be doing something that is sensible. I refer to the letter 
from Mr. Conry (Flight, November 15) in which he rebukes the 
Ministry for not granting a student pilot’s licence to a man with 
only one eye. I quote: “Seeing no reason why a one-eyed pilot 
would be any worse than a two-cyed pilot in a modern aircraft 
with its built-in blind spots, we went in to bat for him. %4 

Rubbish, Mr. Conry! You know perfectly well why a one-eyed 
pilot will be worse than a two-eyed pilot. And every other pilot 
who has ever taken a depth-perception test and a range-of-vision 
test knows it, too. If “your Association” is still in doubt, then why 
not consult the Association’s medical adviser? 

Whether flying in a crowded traffic-pattern or driving on a fast, 
open road—and in any other situation where judgment of relative 
speeds can be critical—I prefer the people controlling the other 
vehicles near me to have two eyes, Mr. Conry. And so do you, 
if you're not crazy. 

Granted that the M.T.C.A. official’s alleged first question was 
impertinent. Granted also that the licences already allegedly 
issued to one-eyed pilots indicate inconsistency. But I'll take 
impertinence and inconsistency rather than an increased chance 
of an early death in a flying accident. I'm too young to die, Mr 
Conry, and when I am flying I like everybody else in the air to be 
as fit as possible—quite apart from the fact that they may need 
to be when I am flying. Call me selfish if you like 

As a matter of fact you can call me ignorant, too, because I 
don’t really know much about your Association, other than the 
facts that you are hon. secretary and you have written to Flight 
a couple of times and that you don’t like the M.T.C.A. Unfor- 
tunately no announcement seems to have been made of the 
formation, aims or activities of your Association. I have only one 
final question, Mr. Conry. Well? 

London, S.W.8 K. Tupor 
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Underneath the Arches 
EFERRING to recent correspondence, I think that the struc- 
ture that was most frequently flown under, and even looped 
round, was undoubtedly the aqueduct at Shoreham during the 
1914-18 war 

Gulval, Penzance. E. C. D. MALONE. 
Early Catalogues 
AS a follow-up to the correspondence on the first aviation cata- 

logue, on the back cover of Flight Fittings 1911, the tenth 
catalogue of T. W. K. Clarke and Co. (established 1906) there 
ippears a reproduction of the “first aeroplane advertisement” : — 
“Aeroplanes, Gliders and Hydroplanes designed and built 

Apply T. W. A. Clarke, 25a Westminster Palace Gardens, 

Victoria St., S.W.” 

This advertisement was the subject of a column in the Daily Mail 
of December 3, 1906—and one suspects, therefore, the hand of 
Harry Harper. : F. H. SMITH, 

London, W.1. Librarian, the Royal Aeronautical Society 


Historical Aircraft Society? 
OUR correspondent Mr. Gobby (November 8) refers to 
“apathy . . . when it comes to definite action” and refers, 
too, to the hypothetical British aeronautical community. 

One way to overcome the apathy is by collective action, and 
the way to get this British aeronautical community—at least, those 
with its history at heart—together is by the formation of a society 
Those interested in the history of aeronautics come from many 
walks of life, but they have no meeting place and no binding 
organization. There is a definite call for a historical aircraft 
society where papers of the calibre of Pritchard’s biographies and 
Bruce’s aeroplane histories could be aired. It need not have 
premises. An honorary secretariat should be able to do the work 
und a small subscription should weld together these people who 
ire interested in this country’s glorious past. Then, when a collec- 
tive voice on a matter of history is called for, it will be there. 

Walton-on-Thames. BELTANE. 


IN BRIEF 


Mr. J. L. Dixon writes to say that he is compiling short histories 
of Nos. 7, 48, 87 and 256 Sqns., R.A.F., and would be grateful for 
material from ex-members. He adds that a few copies are still 
available of his Brief History of No. 9 and No. 83 Squadrons, 
and are available from him (price 2s each) at 5 St. Hilda Street, 
Bridlington, E. Yorks. 


THE INDUSTRY IN BRIEF 


De Havilland Aircraft Proprietary, Ltd., Sydney, Australia, has 
appointed Mr. T. H. Dalton to take charge of the company’s new 
office in Melbourne. He was formerly senior sales executive under 
the sales manager, Mr. R. Kingsford-Smith. Mr. Laurie Jones 
has been appointed to the business department to take Mr. Dalton’s 
place and Mr. William D. Tulloch becomes public relations officer 
under the sales manager 

* * . 

Mr. Sol Yager has been appointed managing director of the 

London Plywood and Timber Co., Ltd 
* * * 


J. M. Steel and Co., Ltd., of Kern House, 36-38 Kingsway, 
London, W.C.2, and of Manchester and Birmingham, have opened 
new offices in Glasgow, at 144 St. Vincent Street, Glasgow, C.2. 

> * . 

We regret to record that Mr. B. H. Waller, chief purchasing 
officer of Hunting Percival Aircraft, Ltd., died on November 21 
at the age of 59. He joined the then Percival Aircraft Co. in 
October 1938 as chief buyer, having previously been with Boulton 
and Paul, Ltd., since 1926 

* * * 


Airtech, Ltd., have formed an engineering division, the com- 
pany stating that in addition to offering a consultant design service 
for complete hydraulic and pneumatic systems it is manufacturing 
a range of these components for industry at home and overseas 
Mr. P. J. Langdon, M.1.Ex., formerly with Bowden (Engineers), 
Ltd., and the aviation division of the Dunlop Rubber Co., Ltd., 
has been appointed sales manager of the new division. 

> * > 


Mr. J. R. Bradford, O.B.E., T.D., has been appointed public 
relations officer of the Bristol Aeroplane Co., Ltd. He joined the 
engine division of the Bristol Aeroplane Co. in 1953 as technical 
sales manager and has for the past year been directly responsible 
to Dr. S. G. Hooker, chief engineer and director of the engine 
company, for market research and other special duties. In his 
new capacity Mr. Bradford will be responsible to Mr. C. B. 
Bailey-Watson, public relations manager of the Bristol group 


With regret, we learn of the death (on November 20, at the 
age of 56) of Mr. Frank S. Allen, M.I.Prod.E., works director of 
E. K. Cole, Ltd., and a director of Ediswan-Ekco (Aust.) Pty., 
Ltd., Egen Electric, Ltd., Ekco Electronics, Ltd., and the National 
Ekco Radio and Engineering Co., Ltd. (India). He joined E. K. 
Cole, Ltd., in 1941 as assistant works manager. 

* * * 

Mr. Alan A. Holman has been appointed sales manager of 
Export Packing Service, Ltd., and will be in charge of the sales 
organization operating from 56 Kingsway, London, W.C.2. He 
has been manager of the company’s outside branch for the past 
three years. Mr. R. T. Hill, sales director, has resigned his direc- 
torship to take up an appointment as director and general manager 
of the Dar-es-Salaam Motor Transport Co., Ltd. 





FORTHCOMING EVENTS 


} Cec 6. Denham Flying Club; Opening Party, New Lounce Bar 

Cec 11. Aircraft Recognition Society: December Forum. 

Dec 11. Kronfeld Club: “Life on the Planets,”’ by Dr. A. E. Slater. 
Dec 12. R.Ae S.: Main Lecture: “‘Ramijets,”’ by R. P. Probert 
Dec. 14. Plymouth Aero Club: Christmas Party. 

| Dec 17. R.Ae.S.: Section Lecture: “Comparison of Ducted Fan, 

proene, and Straight Jet Engines,’ by Dr. S. G. Hooker, 

e 

| Dec 18. Kronfeld Club: Christmas Party 

} Dec 21. Lasham Gliding Centre: Christmas Party 

| Dec 21. Elstree Flying Ciub: Christmas Party. 

| R.Ae.S. Lectures (to Dee. 20):— 

Dec. 9, Halton, Lecture by E. A. Tennont Dec. 10, Bristol, “Aviation 
Finance,’ by G. E. Knight; London Airport, “Airline Economics,” by 

| S. Wheatcroft. Dec. 11, Brough, ‘Future Trends of Aircraft Propulsion 

| Units,” by A. Cde. F. R. Banks; Chester, Lecturettes; Christchurch, 

| “Fatigue Tests on the Bristol Britannia,’ by Dr. W. J. Strang; Hatfield, 

| “The Domain of the Helicopter,” by R. Hafner; Reading, “investigation 

| of Aircraft Accidents,” by E. L. Ripiey: Southampton, “The Weapon 
System Concept,”’ by H. Davies; Weybridge, “The International 
Geophysical Yeor,”” by Prof. H S. W. Massey. Dec 12. Cheltenham, 
“Problems of Progressive Failure.” by Sir Alfred Puasley; Glasgow, 
“Fatigue ond Fail-Safe in Aircraft Structures,’ by N. F. Harpur. Dec 16, 


Boscom*e Down, ‘The Weapon System Concept,” by H. Davies. Dec. 20, 
Weybridge, Annual Dance. 





| 

! 

| 

| Henlow, “‘Artific'al Satellites,” by Or. M. W. Ovenden. Dec. 




















6 DECEMBER 1957 FLIGHT 49 


Minimum size... torgue...trouble 
Maximum /ife... capacity... precision 


HONEYWELL PRECISION SWITCHES 


For precision switches with these qualities 

contact Honeywell. The switches shown here have been selected 

from a wide and growing range designed to meet 

your every need and purpose. All switches are manufactured and tested 


against the highest standards in Honeywell's U.K. factory. 


CATALOGUE LISTING 11SM1-T Dimensions: 25/32 31/64 }*. Mechanical Life: 1 million 
operations. The small size, low weight, and complete reliability of the Sub Miniature 
Switch make it particularly attractive to all designers of precision electrical equipment. 
Electrica] Rating: 5A RES 250V A.C. and 3A IND 30V D.C. at sea level. Contact Action 


S.P.D.T. Catalogue 75 gives full details. 





CATALOGUE LISTING 1SE1 Sealed Sub Miniature. This sealed version of the basic 
Sub Miniature Switch is immune to most environmental conditions. The Switch is 
embedded, with an epoxy resin, in an aluminium casing. Integral connecting leads are 
available in several lengths. Electrical Rating: as 11SM1-T. Contact Action: S.P.D.T. 
Data Sheet HB P96 gives full details 








CATALOGUE LISTING V3-601 10 Million Operations. This is the mechanical life of the 
V3-601 switch. It offers the optimum combination of long life, high electrical capacity, 
precision, and small size. Electrical Rating: 10A 250V, A.C. or 30V D.C. for resistive loads, 
Contact Action: S.P.D.T. Catalogue HB 74b gives full details. 





CATALOGUE LISTING V4-14 Minimum Torque: 0.140 OZ. INS. Honeywell Low Torque 
Rotary Action Switches are widely used in the coin chutes of vending machines—to 
initiate the vending process. These switches are also used in air flow failure devices and 
in textile machines as thread-break detectors. The torque is usually applied to a wire 
lever actuator. Electrical rating: 5A up to 250V A.C. Contact Action: S.P.D.T. Data 
Sheet 46c gives full details. 


H) Honeywell 
Fiat wn Mio Quitther - 


Contact Honeywell... for catalogues or data sheets . . . for demonstrations . . . for expert advice and assistance. Write to Honeywell- 
Brown Ltd.. 1 Wadsworth Road, Perivale, Middleser. (PER. 5691) Offices in the principal cities of Britain and throughout the world. 
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PRECISION SHEET MET gue 
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First-class developme 
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FLAME TUBES 
JET PIPE ASSER Mame: 
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NOZZLES - COpegaite PHAMBER and repair facilities 
HEAT SHRO eg WNOZZLE manufacturers. aa 
: - WALL ITS ETC. si see 
BOK PAN Ss A.|.D. and A.R.B. approved slp 
BURNLEY AIRCRAFT PRODUCTS LIMITED 
ais a. 
FULLEDGE WORKS - BURNLEY - LANCASHIRE - ENGLAND 
F Telephone . 3121/2 and 3203 Burnley (3 tines) Telegrams - “AIRCRAFT” Burnley. 
| REPAIR DIVISION : BRITANNIA WORKS, QUEENSGATE, BURNLEY. _ Teiephone: 4102 
| WELDED FABRICATION DIVISION : STONEYHOLME WORKS, GROSVENOR ST. BURNLEY. Telephone: 3184 — 
| fassociated with RENFREW AIRCRAFT & ENGINEERING CO. LTD., RENFREW, ONTARIOL Lo 
a See cen oe pom WS * eee Fie os dus aot 
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ee of Britain’s advanced guided missiles — red 
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cfs the DE HAVILLAND FIRESTREAK oe 
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fy == MLL. AVIATION Be 
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cis have designed, developed, and now manu- i 
ches facture the ground handling equipment for 
ess these important missile projects. 
i 
Bi: M.L. AVIATION 
ess aiso manufacture missile cooling units 
d4h¢ —cooling trolleys specially designed to 
reve prevent overheating of missile equipment 
ces prior to launching. 
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655 
bey 
eve 
efes } 
be ice arse se gr scse ge te AVIATION COMPANY - 
SS SSBEERSRRBBEE : SSRpRRERRERBERS 
WHITE WALTHAM AERODROME MAIDENHEAD BERKSHIRE 
Tel: Littlewick Green 248 Grams: ““EMELAIR", White Waltham. 
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REID & SIGRIST LTD. 


BRAUNSTONE WORKS : LEICESTER 
Telephone 88101 (5 lines) : 
























| SPECIALISTS IN GUIDED MISSILE AND AIRCRAFT INSTRUMENTATION 
Your enquiries are invited for any of our products in the Gyro field. We have 

participated in many important research and development phases of guided missile 
ate and production of precision instruments. 









Cre 


Poh ities” tO: Admiralty, Ministry of Supply and Foreign Governments. A.R.B. & A.I.D. Approved 
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CABIN AIR 
CONDITIONING CONTROLS 








ANTI-ICING CONTROLS 


FUEL TANK 
PRESSURISATION 





Teddington Potentiometers, Accelerometers and Pressure 
& HOT AIR AND GAS VALVES 
Transducers, manufactured in Great Britain under licence from 


Giannini of America, are being developed to meet the ELECTRO-MAGNETIC VALVES 


requirements of the British Aircraft Industry for applications in 
TIME SWITCHES 


missile control and telemetering systems. Standard units 


can be modified to suit individual specifications for linearity, 


shaft displacement, resistance and resolution ee 


PRESSURE REGULATORS 


POTENTIOMETERS 
ACCELEROMETERS AND 
PRESSURE TRANSDUCERS 


TEDDINGTON AIRCRAFT CONTROLS LTD. 


MERTHYR TYDFIL, SOUTH WALES Telephone: Merthyr Tydfil 666 





REGO TRADE MARE 


LONDON OFFICE; COLNBROOK BY-PASS, WEST DRAYTON, MIDDLESEX. Telephone: Colnbrook 2202/3/4 TAC 166 














ey 
> W. WILSON 
& SONS 
(LONDON) 
LTD. 


Registered Office 
and Works 
114 NIGHTINGALE 


GET IN TOUCH WITH ROAD 
LONDON N.22 


’ WwrEs ON ie = uidiGcansaneiie 
. OF LONDON yr or ALL KINDS OF 


i A-1-D 
, APPR 


*68% FF \luminium &Alloys 
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So small... 
with so great a future 


and in production N O W 


You are looking at a silicon transistor. These are design, develop and manufacture the best there are, and 
° will be, in semiconductor products. Our skill and research 
are dedicated to that ideal. It is with the essential co- 
: operation of equipment designers and users that entirely 
the brain cells, that can be tucked away in com- new devices will come into being. Together, we shall see 
puters, in radar sets, in guided missiles. It is these their birth. 

tiny, tough devices that Texas Instruments know 


more about than anyone else. 


BEHIND US... Texas Instruments are a quarter- 
century old in scientific experience. They are one of the 
pioneers of semiconductor products, and it was their fore- 
sighted skill and theirs alone that introduced silicon 
transistors and silicon high voltage rectifiers to industry —-——————————.... he 







the only transistors that will operate in high 
temperatures. These are the electronic midgets, 


| Texas Instruments Limited wishes to co-operate with 

| equipment designers. Highly qualified engineers in our 
Applications Section are ready to advise them about 

| our semiconductor products, and their applications. 

| Technical Data Sheets are available. 


APPLICATIONS ADVICE AND DEVELOPMENT | 


more than three years ago. Today, with all this accumulated 


knowledge and experience behind them, Texas Instruments TEXAS INSTR UMENTS Li MITED 


Limited has begun production in this country. 


AND AHEAD ... Texas Instruments Limited is at 
the service of industry. Here at Bedford, we are working 
today for today—and for the future. Our purpose is to 


DALLAS ROAD, BEDFORD ° 





Tel: BEDFORD 68051. Cables: TEXINLIM BEDFORD 
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SUPERSONIC 
AIRCRAFT 
and 

MISSILE 
equipment 





H.T.P. PUMPS 


HIGH PRESSURE 
EXPULSION TANKS 


CONTROL VALVES 


PITCH AND YAW 
TRANSDU CERS 


PRESSURE 
TRANSDUCERS 


INDUCTANCE 
OSCILLATORS 


FURTHER DETAILS ON APPLICATION 


SELF-PRIMING PUMP & 
ENGINEERING COMPANY LID 


SLOUGH 
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HGH CLASS PIPE MANIPULATION 
SPECIALISTS. = 


Manufactured to any 
design in ALL Specifications 


* 


THE HERCULES 
ENGINEERING CO. Ltd 
Worton Road 
ISLEWORTH - MIDDLESEX 


* 
‘Phone : HOU. 3043 and 3093 
<te 
ALD JA.R.B. i> cD € 
Approved ts\SB A 
et 97 
7a ae 














The Model 7 Universai 


Avometer 


The world’s most widely used combina 
tion electrical measuring instrument 
Provides 50 ranges of readings on a 
S-inch hand-calibrated scale fitted with 
an anti-parallex mirror Guaranteed 
accurate on D.C. and A.C. up to 2 Kc/s 
to the limits laid down in B.S.S. 89/1954 
for S-inch scale-length industrial portable 
instruments. 


Regd. trade mark 


The meter will differentiate between 
A.C. and D.C. supply, the switchi 

being electrically interlocked. The tota 
resistance of the meter is 500,000 ohms 


CURRENT: A.C. and DC. 
0 to 10 amps 


VOLTAGE: A.C and D.C. 
0 to 1,000 volts 


RESISTANCE: Up to 40 megohms 
CAPACITY: 0! to 20uFds 


AUDIO FREQUENCY 
POWER OUTPUT: O—2 wotts 


DECIBELS: —25Db. to +16Db 





The instrument is self-contained, com- 
pact and portable, simple to operate and 
almost impossible to damage electrically. 
It is protected by an automatic cut-out 
against damage through severe overload. 


List Price 


£19: 10s. 


Size: 8 in. x 7} in. x 44 ins. 


Weight: 6} lbs. (including leads Various accessories are available for 


extending the wide ranges of measure- 
ments quoted above 


@ Write for fully descriptive pamphlet 
Sole Proprietors and Manufacturers :— AVO LTD. 


AVOCET HOUSE, 92-96 VAUXHALL BRIDGE ROAD, LONDON, 5.W.1 
Victoria 3404 (9 lines) 
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kiuteliffe srr INGS 










We specialise in the production of precision 
springs for aircraft engines of all types 
including those used in the intricate 
mechanism of the power units of guided 
missiles. Our Design and Metallurgical staff 


» are at your service. 


+ Kateliffe 
Z SPRINGS 


-— for guided missiles 


. $. RATCLIFFE (ROCHDALE) LTD. CRAWFORD SPRING WORKS, NORMAN ROAD, ROCHDALE 
Telephone: 4692,3'4 Telegrams: RECOIL, ROCHDALE 
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| 

| 

: AMPHENOL 6Greot Britain) LTD. 
invite enquiries for engineering data and details 
of the availability of the well known range of 
| ““AMPHENOL” products. | 
| 


AMPHENOL (Great Britain) LTD. 


Ormond House, 26/27, Boswell Street, London, W.C.1 
Telephone: CHAncery 8956 















































THE 


BRITISH AVIATION 


INSURANCE COMPANY LIMITED 


The oldest and largest office 
specializing in Civil Aviation 





























HEAD OFFICE 
3-4 LIME STREET, LONDON, E.C.3 
! f c h asn’t t a) e name Telephone: Mansion House 0444 (6 lines) 
SS ee BRANCH OFFICES 

MONTREAL TORONTO 

276 St. James 44 Eglington Avenue, West 

Street West, Telephone: 

Tel: Avenue 8-6135 Mayfair 4461 2 
JOHANNESBURG CALCUTTA BRUSSELS 
London House 2 Hare Street 99 Rue dela Loi 
Loveday Street, Telephone Telephone: 
Tel: 33-3048 23-3274 12.00.05 
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assisting with 
to-day’s research 
for to-morrow’s 
fluid controls 
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SAUNDERS VALVE 





COMPANY LIMITED 
l/ / Aircraft Division 
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First 
in airborne 
fire protection 


equipment... 


GRAVINER 


ae Complete 


installations of 
GRAVINER 
FIREWIRE 
have logged over 
2,500,000 


Flying Hours. 








GRAVINER MANUFACTURING COMPANY LTD. 


COLNBROOK, BUCKS. TELEPHONE: COLNBROOK 2345 (6 lines) 


Specialists in Industrial Thermostats, 
Overheat Switches and Industrial Explosion Protection Equipment 


G.49 
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TESTING ? 


Today's rapid increase in the speeds of 


Guided Missiles, Aircraft and various 
types of machinery has made the 


Engineer acutely aware of vibration 


Full scale testing is often expensive, 
though ultimately necessary, yet it is 
possible to assimilate the conditions 
under which parts will work by inducing 
controlled vibration and modifications 
can then be made at the design stage. 
In this field, W. Bryan Savage Ltd. 
have been actively engaged for the past 
twenty years and are one of the 

leaders in the manufacture of Power 


Amplifiers and Vibrators 


* If you have any problems regarding vibration, consult 


our Technical Dept 


designers and manufacturers of vibrators for industry 


17, STRATTON STREET, LONDON, W.1 


Telephone Grosvenor 1926 
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on THE *“BRITANNIA” 


SELECTIVE 
RELAY SWITCHES 


for FATIGUE METERS 









Also differential and 

High Pressure Resis- 

tance transmitters 

combined with switch 

compatible with 
H.T 


CALIBRATOR 


MK II C up to 800 knots 


Differential pressure 
gauges for very light 
readings 


indicators 
12A 


Airspeed 
including MK 





R. W. MUNRO LTD. 


BOUNDS GREEN, LONDON, N.11 Phone: Enterprise 4422 












i 


FOR GUIDED MISSILES... 


ARDENTE | 


re 


Sole Manufacturers and Exporters 


ARDENTE ACOUSTIC LABORATORIES LTD 
8-12 MINERVA ROAD, NORTH ACTON. LONDON NWIO 


Groms: HAILER, London N.W.10 Phone: ELGar 3923 Cables: HAILER, London 


Suppliers of Hearing Aids and Components to the British Government 
and manufacturers all over the world 
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RUM@OLD 


INTERIOR OF THE 


FOKKER FRIENDSHIP 





SEATING 
SUPPLIED 
BY 
RUMBOLD 


L. A. RUMBOLD « Co. Ltp. 


KILBURN, LONDON, N.W.6 
Tel: MAlda Vale 7366-7-8 

















internationally Recognised 





ERMETO fittings are the internationally 
recognised method of coupling high pres- 
sure pipe lines. Enormous numbers are 
in use throughout the world. 

Supplied in mild steel, stainless steel, brass, 
bronze and aluminium for all pipe sizes, 


standard and non-standard up to 2” o.d 


A wide range of valves also available 


Catalogues on request. 





0 o OETERMETOR RR 


BRITISH ERMETO CORPORATION LTD 
Beacon Works, Hargrave Road, Maidenhead 


Tel : Maidenhead 2271-4 
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Standard designs 
200’ 0” to 30° 0” spans 


Larger spans available if required 


STEEL ECONOMY « SPACE ECONOMY 


TROPICAL SHEDS & HOUSES 
GODOWNS * BARRACKS ° OFFICES, ETC. 





— Stel 











We supply and erect in any part 
of the world. 


GENERAL uTitity STEEL BUILDINGS ino HANGARS 





FOR HIRE. Erection masts 30ft. to 180ft. high. Cranes and lifting tackle. 


BELLMAN HANGARS 


LIMITED 


HOBART HOUSE. GROSVENOR PLACE, LONDON, S.W.1 Tel: SLOANE §258 Cables: Unitstruct, London 








ON-DERBY— 
UN-UER 









Voltage Reg 


Type 22S and 
as used on 


aircraft 


AUTOMATIC CARBON PILE 


VOLTAGE REGULATORS 


Also makers of Rotary Transformers and Converters, Wind 
and Engine-driven Aircraft Generators, High-frequency 
Alterna and High-tension D.C. Generators. 


ELECTRICAL PLANT SPECIALISTS 
NE /TON BROTHERS coerey) LIMITED 


( HEAL FICE & WORKS: ALFRETON ROAD, DERBY 
Tel.: 47676 (4 lines) ‘Grams: DYNAMO, DERBY 
Londor MPERIAL BUILDINGS, 56 KINGSWAY,W.C.2 

Tel.: Holborn 0623 




















(Ce are proud 
to te linked with the 
Aircraft Industry a 
Manufacturers of PRESSINGS in 


STAINLESS STEEL and other materials, 
WELDED RINGS, etc., etc. 





LIMITED 


Near Kidderminster 
Grams: Stampings, Cookley 


Cookley 
Phone: Wolverley 266 
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ma 
—_ ' 
= Designers and Manufacturers of 
> 
— Test Gear for guided missiles and associated 
pa instrumentation ; 
a Centrifuges for the application of up to 400G; 
— 
“= Loading and Transportable Trolleys ; 
a Servicing and Maintenance Structures ; 
_ ~ 
~ For further information apply 
> AERO CONTROLS 1TD., 
INDUSTRIAL ESTATE, WEEDON ROAD, NORTHAMPTON 
| Telephone: 33131-32-33 
| || 
. ~ 
Wer-Binty 
G.W. Accumulators 
Used in the development of yon ; 
the Fairey ‘Fireflash’ and f Sein 
extensively for guided missiles mn — | 
@ Small measurements. 
@ High power to weight ratio. 
@ High rates of discharge. 
@ Constancy of output. 
Type 
SZ6 
Accum- 


ulator 


For full particulars write to Dept. F/A. 


VENNER ACCUMULATORS 


LIMITED 


KINGSTON BY-PASS, NEW MALDEN, SURREY. Telephone: MAlden 2442 






Type SZ6j12 


Associated Companies : Venner Electronics Limited. Venner Limited Accumulator 











A 
DEPUTY CHIEF 
STRESSMAN 


will shortly be appointed to a major 


GUIDED WEAPONS 
DESIGN TEAM 


Candidates, who should be graduates with 
several years’ experience in senior positions 
in aeronautical or civil engineering, should 
write in confidence, giving full details of 
qualifications and experience to 


Box A.C. 35478, 
Samson Clarks, 
57/61 Mortimer Street, 
London, W.1 
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DRILL BETTER... 
DRILL QUICKER... 






Even at first glance you can see that 
the “Leytool”’ Precision Hand Drill 
is obviously better . . . the large 
comfortable grip fits snugly into the 
hand and provides really firm con- 
trol. The totally enclosed precision - 
cut gears transmit maximum power 
to the bit, whilst a ball thrust race 
takes the pressure and makes drill- 
ing delightfully smooth and effort- 
less. Quarter-inch capacity. It's 
an engineer's job. for a life- 
time’s service, and re- 29 9 
markably good value at 


Pat. No. 587049 
alse World Patents 





Write for this ! 
interesting book- gas 
let—it illustrotes oO oN 
and describes the 

omplet of ré] 1 
seers MO get 


Tools nO 


Obtainable at good too! shops 


LEYTONSTONE JIG & TOOL CO. LTD. 
LEYTOOL WORKS HIGH ROAD - LEYTON - LONDON. €.10 
Telephone : LEYtonstone 5022/4 
Specialists in Tooling Equipment and Machinery for every industry 
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“YY Yachting World Annual 1958 


Containing a wealth of beautiful pictures and brilliant 
features, this annual captures all the year’s thrill, 
adventure and artistry of power and sail yachting. 
Lavishly produced, it is the only publication surveying the 
season’s major events and the work of leading designers. 


192 pp. lljin. x 84in. 35s. net. By Post 36s. 9d. 
WHAT THE CRITICS SAY:— 


“All who love boats and “Presents an excellent survey 
the sea will want YacuHTING- of the year in yachting.” 
Wortp ANNUAL.” —Daily Telegraph 
—The Sketch. “This fine annual will always 
“The photographs and draw- be warmly welcomed by all 
ings it contains are of the very who love the sea.” 
best.” —Royal Naval Sailing —East Anglian 
Association Journal. Magazine. 


on sale from all booksellers 35s. 


ILIFFE & SONS LTD., DORSET HOUSE, STAMFORD STREET. LONDON, S.E.1 








Suppliers of machined and fabricated components 
in all Plastics and Allied materials to individual require- 
ments. Precision guaranteed. 


EBONITE (Vulcanite) 

RESILON (Synthetic resin bonded paper) 
RESILON (Synthetic resin bonded fabric) 
COROSITE (Acid resisting material) 
GLASS FIBRE LAMINATES 
VULCANISED FIBRE (Red, Black or Grey) 
FEROBESTOS ETC. 





EST. 1887 
Telephone: CLE 0145.9 Telegrams: UHLHORN, AVE, LONDON 


UHLHORN BROS. LTD., 
OLIVER HOUSE, 
51/53 CITY ROAD, LONDON, E.C.1 


























Good salary, with special superannuation conditions avail- 
able for: 


ASSISTANT CHIEF 
DESIGNER 


with a progressive company producing medium-sized 
transport aircraft. 
Applicants must have highest technical qualifications, 


sound general aircraft engineering knowledge and admini- 
strative experience, preferably in the 35-40 age group. 


All applications will be considered at Board level in strict 
confidence 


Replies to Box No. 3035, c/o Flight. 
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RUDDER AND ELEVATOR CONTROLS 





— with a 
difference ! 


tes ELEVATOR AND RUDDER CONTROL quadrants shown 
were designed for the Fokker “Friendship” turboprop 
transport. At first sight they appear to be normal cable 
driven quadrants, but the cylinders contain a most ingenious 
mechanism. This mechanism automatically establishes the 
tension in the cables, and holds it constant at all altitudes 


and flight conditions, therefore friction remains constant 
aE 





an important contribution to stability, especially during 
auto-pilot or I.L.S. conditions 

Perhaps you have a control problem that can be solved 
with cable tension regulators? Teleflex Products Ltd. will 


be happy to be of assistance 


TELEFLEX PRODUCTS LTD (Aircraft Division) 
TELEPHONE: BASILDON 22861 


BASILDON ESSEX 


ALSO MANUFACTURERS OF THE WORLD RENOWNED TELEFLEX CONVEYORS 














“DIAMOND H”4 Pole Double Throw 
Hermetically sealed miniature RELAYS 


for Guided Missile & Aircraft applications 
High Performance Greater Reliability 





WEW/ SERIES S RELAYS— 


The special version of the series 
R for dry circuit reliability. 
Separately sealed coil 


SERIES R RELAYS— 


Pioneered and developed in the U.S.A. 
by our Parent Company 






Now to be manufactured in England 


Inorganic switch 
probably commencing May/June 1958. 











RATING:- Qe =<— 
10 amp. 30 volt D.C. 115 volt A.C. 

TEMPERATURE RANGE:- ° Hermetically fsa ee 
55°C to 200°C " Coil Case 

SHOCK RESISTANCE:- Hermetically ye ae 
50G Pending British manufacture, import Relay Cover 

VIBRATION RESISTANCE - licence facilities available for series R Non-contaminated Switch ——4 
20 G at 2,000 c.p.s and series S relays—against super- 

priority requirements Ceramic Contact Carrier 


Inorganic Insulated Base 





‘DIAMOND H’ SWITCHES LTD., GUNNERSBURY AVENUE, CHISWICK, W.4. 
TELEPHONE NO: CHISWICK 6444 (5 LINES) TELEGRAMS: DIAMONHART CHISK LONDON 
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, 
CLASSIFIED ADVERTISEMENT: 
Advertisement Rates. nimum | sverage line contains 6-7 words. Special rates for Auct 
( wets. Patents. Legal and Official Notices, Public Announcements, Public Appointments, Tenders 6 
minimum 12 Each paragraph is charg separately, name and address must be counted All ad 
tisements must be strictly prepaid and st i be addressed to FLIGHT Classified Advertisement Dept., Dor 
House, Stamford Street, London, 5.E.1 
Postal Orders amd chy n payment for advertisements should be made payable to lliffe & Sons, | 
ENGINEER and crossed & | 
Trade Advertisers wh umns regularly are allowed a discount of 5°, for 13, 10°, for 26 and 15 
secutive it rders Full particulars will be sent on application 
PRESS DAY Classified advertisement Box Numbers. For th jem f private advertisers, Box Number facilities are available at an additi 
“copy” should reach Head Office by harge for 2 words plus extra to defray the cost of registration and postage, which must be added t 
advertisement charge Replies should be addressed to “Box 0000, c/o Flight,"’ Dorset House, Stamford Str 
FIRST POST THURSDAY for publication lceton SE} 
in the following week's issue subject to The Publishers retain the right to refuse or withdraw advertisements at their discretion and do not accept lial 
space being available for delay in publication or for clerical or printer's errors although every care is taken to avoid mistakes 
| 
,. T ’ 
PRESS NOTICE | SOLDE RING AIRCRAFT FOR SALE 
DEC EMBER 20 ISSUE WILL CLOSE FOR E [ IPME NT TRAVELAIR, LT 
PRESS WITH FIRST POST TUESDAY, 4 4 ad For and Ney Aircraft 
NSON Mk. I with current C. of A., 200 hour 


DECEMBER 10, 1957 





AIRCRAFT FOR SALE 





W. S. SHACKLETON, LTD. 
Europe's Leading Aircraft Brokers 
offer 


Readily available, at very short notice, a consider 
able range of medium sized commercial aircraft 


BRISTOL 170 and 171 
VIKING 
DAKOTA 

CONVAIR 24( 

MARATHON 
HERON 
DOVE 
PRINCE 
ANSON 19 

CONSUI 

BEECHCRAFT! 

RAPIDE 


18 


Wwe are vigorously increasing our facilities for the 
sale and purchase of all types of modern heavy 
multi-engined piston as prop-jet aircraft, and would 


welcome any enquiric 
Ww, Ss ARLE TON, LTD., 175 Piccadilly, 
ABL ES “Shackhud, London.” Phone: HYDe Park 
2448-9 {0071 


R. K. DUNDAS, LIMITED 


are privileged to offer 
A FLEET OF 12 VIKINGS 


HE first two of these 27-seater Vikings, immediately 
available, have the following brief details: 
(a) C. of A. to June, 1958; 15,142 hours since new; 
nil since last major overhaul. Engine hours since 
last overhaul are: 272, 272. Propeller hours: 168, 272 


ocnat 1T47/BC-348; SCR-274, SCR-522, SCR-269, 
; 
b) C. of A. to August, 1958; 14,687 hours since new; 


nil since last overhaul. Engine hours since last over- 
haul are: 799, 604. Propeller hours: 276, 985 
Radio: T-47-BC-348; SCR-522; SCR-269; SCR-S1 
THESE two aircraft are offered for immediate release 
as the first of 12, at £26,000 and £24,500 respec- 
tively 
OFFERS are invited for the whole fleet 


K 
* London 
“Dundas 


DUNDAS, LTD 
S.W.1. Tel 
Aero,” Piccy, 


59 St. Jam 
HYDe Park 37 
London 


es's Street, 
17. Cables: 
{0SsS9 


2 SHORT SEALAND FLYING BOATS 


* 


8 passengers seats—.2 crew 


IRFRAME hours 
respectively 


JOACHIM GRIEG & CO. 


since new 4,300 and 4,540 hours 


P.O. Box 234/37—Bergen, Norway. 
Telegr.: Griegsale. Tel.: 18140. Telex: 2007. [7341 
Mark V. ‘Two aircraft for dis- 


QUNDSRL AND 
posal by SAAT 

R. 1R30- 90D eng 

land airframe, elect 


Also 39 P. and W. Wasp 
comprehensive range of Sunder- 
rical and ground equipment. Fur- 
ther particulars { Office of the High Commissioner, 
Union of South Africa B Group), South Africa House, 
Trafalgar Square, W.C.2 (7356 





by 
British made by British 
craftsmen 

Light weight. 

Rapid heating. 

High efficiency. 
Unbreakable handle 


Bit sizes 

3/32 in. co 3/Bin 
(in Copper or our long 
lasting “PERMABIT™ or 
PERMATIP”™ types.) 


All voltage ranges 
6/7 v. to 230/250 v. 


British and Foreign 
Patents. Registered de- 
signs. Suppliers to 
H.M. and Foreign Gov- 
ernments Agents 
throughout the world 
Write for Booklet No 
$.15. 


itustrated is the 25 w 


3/16in. replaceable bit 
model wich safety shield 
Sole proprietors and 
manufacturers :—= 
LIGHT 
SOLDERING 
DEVELOPMENTS 
LTD. 

106 George Street. 


Croydon, Surrey. 


Telephone: CROydon 8589 


Telegrams 
Litesold, Croydon 





since Check V, low engine hours, air line radi 
325. 
EMINI 3B, Gi Major 10 engines 212/574 
hours, full C. of A. Full blind fying _ lights 
36-channel V.H.F., Bendix A.D.F. £3,8 
proc: TOR IV, low engine hours, 
A., V.HLF. radio. £485 
HIPMUNK. C. of A. to 1960, nil hours engine 


12 ae C. of 


Excellent condition. £1,2 
AUSTER V. low hours engine, blind flying pane! 
starter, long-range tanks. £1,300 
LSO available, excellent TIGER MOTH, low 
hours. £450 
H.P. Terms arranged for all aircraft we sell 
TRAVELAIR, LTD. 
115, Oxford Street, London, W.1. GER. a. 
061¢ 





FROLLASONS for Tiger Moths. CROydon 5151 

{0130 

H. DOVE aircraft. Available immediately 
e Channel Airways, Southend Airport, Essex 

(0031 


IPER AIRCRAFT. Tri-Pacers—Apaches—Super 
Cubs The sole agents for Great Britain and 
Ireland are Irish Air Charter, Limited, 62 Merrion 
Square, Dublin. Tel. 63297 [0200 
HREE Auster Autocrats, standard three-seater 
dual control, completely rebuilt, fitted with nil 
hour engines! nil hour upholstery! 12 months’ C. of A 
As new, £1,175. The Wiltshire ool of Flying, Ltd 
Thruxton Acrodrome, Andover, Hants. [7362 
R Sale. Two Vikings IB and two Herons Mark II 

in operation and perfect condition, offered for 
immediate sale with export permit. be delivered 
with zero engine hours. For particulars address: Con 
troller of Stores, Indian Airlines Corporation, New 
Delhi (India) [7348 
RINCE P.S0, Series 4, fitted with Leonides 
503/5S engines with 600 and 250 hours respectively 

to next major overhal. Acroplane 900 total PD 159 
313/1 full feather and braking propellers. Eight 
seater cabin with toilet and freight compartment, radio 
V.H.F., F.T.R., 12D. A. DE. 7092A fan marker, 
B.C.M. 331033, Decca Mark VIII on hire agreement 
For further particulars, apply er Aircraft 
Co., Lid., Higher Denham, nr. Uxbridge, Middlesex 
[7363 





AIRCRAFT WANTED 





DERBY AVIATION LTD. 


Aircraft and Engine Overhaul 


Sales Service 


Scheduled and Charter Operators 


DERBY AIRPORT 
ET WALL 32) 


Telephone 


Good Aircraft are in short supply 
and as a result several of 
the machines recently 


HAVE BEEN SOLD 


However, we still 


4 MILES HAWK TRAINER 3s 


and 


2 AUSTER AUTOCRATS, 
but it is unlikely that any of these 
will be in our possession for long, 

so we advise you to 


Buy now while you have the chance 


Mel itlel, Meliss 3 





Telephone 


78, BUCKINGHAM GATE, $.W.! 





CHIPMUNK aircraft required for old established 
Aero Club, with or without C. of A. Box No. ie 

7364 
aircraft re 


2 


RIVATE executive and commercial 
quired immediately. Travelair, Ltd., 115 Oxford 
Street, London, W.1. GER. 3382 (0612 
£500 waiting for good, sound, unconverted C — + 
munk T.10, if in flyable condition as berks t 

from the Royal Air Force. Box No. 3115 


Tuition 





AIRCRAFT ACCESSORIES AND ENGINES 


RROLLASONS for all a Moth and Gipsy —_ 
$1 (01 





advertised spares. CROydon 5 
OLLASONS are é i in the overhaul of all 
Gipsy engines. Oydon $151 {0133 
have available IRFRAME spares rs Dakota, Harvard, Piper Cub 
Fairchild “Argus,” Beechcraft D.17 osquito 


ine spares for Pratt & Whitney 


Spitfire, Firefly. 
Arm Accessories and 


strong Siddeley, Lycoming, etc. 
instruments for all types of aircraft. 
A J. WALTER, Gatwick Airport, Horley, Surrey 
® Tel.: Horley 1420 and 1510 (Ext. 105/6). Cables 
Cubeng, London [0268 
HILLIPS & WHITE, LTD., offer from stock 
instruments and instrument parts Navigational 
equipment, electrical components, airframe parts and 
hydraulic components and parts. Engine spares for de 
Havilland Gipsy Major and a a also Arm 
strong Siddeley Cheetah IX, X, 
lists available. 61 Queen's vk. 
Tel.: Ambassador 8651, 2764. Cables: Gyrair, Lomas 


ABBEY 2 


345 
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“WIRE 1 


THREAD | 
INSERTS 







FOR 


i 


DESIGNS = 
AND — 
SALVAGE 


CROSS MFG. CO. (1938) LTD 
COMBE DOWN, BATH 


TEL: COMBEDOWN 2355/8 


















= Length Sheep- 





skin Lined Flying 





or Motoring Coat 
No. 902 





A warm and comfort- 
able gaberdine coat, 
body lined through- 
out with soft sheep- 
skin. Deep luxurious 
beaver-lamb collar 
Waterproof  inter- 
lined throughout 


Sizes 34 to 44 chest 
length 34 


Trode Supplied 
ted catalogue 


Terms to Flying Clubs 
Send 4d. in stamps for illustra 





(Dept. F.) 124 Great Port- 
land Street, London, W.1 


Tel. Museurn 4314 Groms* 
Aviok:t, Wesdo, London 

















, aT Tat 








Full details of the easiest and quic — 


Licences, B.5« 
Ss & Gr u1ids. and hundreds of Home Study 
: tn all branches of Aeronautical, 

Mec ban ical & Electrical Eng., Draughts- 
manship, R.A.F. Maths., etc., are given in 

this valuable book. Our Courses have been 

; approved by Royal Aeronautica! Society 
= and many B.1.E.T. Students hav e obtained 

: First Places in the A.F.R.Ae.S. Exams. 


We definitely Guarantee 
NO PASS—NO FEE 


A copy of this enlightening Guide to 
well-paid posts will be sent on request— 
FREE! Write: B.1E.T., 06aCOLLEGE HOUSE, 

29-31, WRIGHT'S LANE. LONDOS, W.8. 








25 
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AIRCRAFT ACCESSORIES AND ENGINES 





GPs* MAJOR engines, nil hours since complete 
overhaul. Various spares including fuel pumps, 


cylinder heads. Mitchell Aircraft, Ltd., The Airport, 
Portsmouth. Tel. 717641 [0352 
ENDAIR OF CROYDON AIRPORT offer from 
stock, P. & W. exhaust valves 30740, Dakota 
main and auxiliary fuel tanks, ailerons, undercarriage 
rams, engine cowlings, tailcones and other com- 
ponents. Vendair, Croydon $777 [0604 





AIRCRAFT ACCESSORIES AND ENGINES 
ED 





WANT 
WANTE D for export, surplus stocks AGS, com 
ponents, ‘Pip’ release pins, etc Also U.S.A 


spares and components. Box No. 2206 [0260 





AIR PHOTOGRAPHY 





MCs Film Developing Units and Film Dryers 
Continuous Film Printers; Argon and Mason 
Contact Printers; Water Supply Kits; Glazing 
Machines; F.24 Spiral and Spool Developing Outfits; 
K.17; F.52; F.49; and F.24 Cameras, Mounts, Lenses, 
Magazines Controls, Vacuum Pumps, Motors and 
Spares for above Cameras; 16 m/m and 35 m/m 
Cameras, Projectors and Spares. Also large quantity 
of Aerial Film (all sizes A. W. Young, 47 Milden 
hall Road, London, E.5. Tel.: AMHerst 6521. [0290 





AIR SERVICING 





EPAIRS and C. of A. overhaul for all types of air 

craft. Brooklands Aviation, Ltd., Civil Repair 
Services, Sywell Aerodrome, Northampton. Tel 

Moulton 3251 [0307 





AIRCRAFT FERRYING 





For the delivery and ferrying of aircraft contact 
Overseas Air Transport, Ltd., 22 Broad Street, 
St. Helier, Jersey, Channel Islands [0740 





BUSINESS AND PROPERTY 





LYING Club wanted. Partnershi 
Details in confidence to principal, 
66 Newman Street, London, W.1 


or purchase 
-apt. Raymond, 
[734 








Largest Stockists 
of Viking Spares 
AIRFRAME, PROPELLER, ACCESSORIES, 


ELECTRICS, INSTRUMENTS, RADIO & 
ENGINES. ALSO CONSUL SPARES 


SOUTHEND 


AIRPORT 
THEN 











R.A.F. OFFICERS 


UNIFORMS 
LARGE SELECTION IN STOCK 
NEW AND RECONDITIONED 


FISHERS, 86/88 WELLINGTON ST. 
WOOLWICH, S.E.17 "PHONE 1855 














AIRCRAFT SPRING WASHERS 


To BS. 
SPECIFICATION 


S.P.47 


CROSS MFG. CO. (1938) LTD., COMBE DOWN, BATH 































BRISTOL 
FREIGHTER 


MARK XXIE 


just off 
2,000 Hour Inspection 


All ARB Mandatory 
Mods incorporated 


Includes Spar Rework 


£33,000 


Available for immediate 
inspection in U.K, 














AIRCRAFT 
SERVICES LIMITED 


on W.! 






Re STREET - LOND 
Tel: WELbeck 7799 - 
Cables : ‘FIELDAIR’, wesbDo,L 


72 WIGMO 
NDON 
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CONTACT LENSES 





ODERN CONTACT LENSES CENTRE 7(D.! 
Endsicigh Court Wc Deferred Terms 
Booklet sent (0342 


BLACKBURN AIRCRAFT : 


a eee SENIOR DESIGN DRAUGHTSMEN | : 


‘URREY Flying Club, Croydon Airport, M.C.A 


approved for Private Pilots’ Licences. Link trainer . N 
instruction available Open seven days a week AND STRESSME 





Croydon 9126 [0292 
H®ee's AND ESSEX AERO CLUB, Stapleford 

Tawney Acrodrome M.C.A oe Se 
pilot's licenc cours Auster, Gemini anc iger ° . ° 
fireraft. Trial lesson 35s. 15 miles centre of London We have a number of excellent openings for experienced aircraft 
Central Line Underground to Theydon Bois, bus 250 i : : 
to club. Open every day. Tel.: Stapleford 210. [0230 Draughtsmen and Stressmen for work on an advanced high-speed jet 
>XETER AERO CLUB. Course approved for = ; Z 

see Feet Lines. See ae ee ie aircraft or in the development of freighter and transport aircraft. 


aircraft £3 7s. 6d. per hour, reduced solo rates for 
contract hours. Gemini and Messenger aircraft also 
available. Instructors’ courses, charter flying, pleasure 
flights. Luxurious club house, squash court.--Exeter 


Rae, FE: Gaeees owe anes Applicants must have supervisory ability and be capable of accepting 














FOR SALE AND WANTED responsibility. 
*TROX 10-channel Transmitter/Receivers, A.R.B 
J released, ex-stock Staravia, Blackbushe Airport, ae . 
pease ~— If you are looking for a position with a future in an expanding and | 
a so HANGARS progressive Company please write, giving a brief resumé of your 





IRCRAFT Hangars for disposal, 175ft x 95ft wide experience, and qualifications, to the:— 
< 27ft 6in to caves Portal frame construction 


Sliding doors both ends giving 90ft opening. Price Technical Staff Manager. 
9 ' 


unclad, £4,000; fully sheeted, £6,250 each. F.O.B., 


TE. LESSER & SONS, LTD., Green Lane Houns BLACKBURN & GENERAL AIRCRAFT LTD.. 


e low, Middx [7322 


+ AS Brough, E. Yorks. | 
PACKING AND SHIPPING 








AND J. PARK, LTD., 143/9 Fenchurch Street when we shall be pleased to invite you over to view our activities and 
o EX. Teh: Biases Hause S55, Cll geaiers discuss the opportunities we have to offer 


and shippers to the aircraft industry {0012 











PUBLIC ANNOUNCEMENTS 


AIR TRANSPORT ADVISORY COUNCIL THE NUCLEAR POWER PLANT Co. LTD. | 


THE AIR TRANSPORT ADVISORY COUNCIL . 
give notice that they have received the under- requires 


mentioned applications to operate scheduled air GRADUATES FOR WORK ON POWER REACTOR CONTROL | 


services 








Art ICATION No. 1558 from British European i 
aan S Pe Trcighe Sertae ean DOS eal ONE—ENGINEER OR PHYSICIST to work on automatic control j 
Viscount aircraft between Southampton and Jersey at systems and safety studies associated with power reactors. | 
: ee & queaedenee a Case Cumane Gr « Applicants should hold a degree and have mathematical bias. A knowledge | 
se TIOUG . oO ‘ ec oF » . 

"ROM Derby Aviation, Ltd., of Derby Airport, of servo control methods would be an advantage. 

Burnaston, Derby: Application No. 143/7 for an —_ = a . . a : | 

amendment to the terms of approval of the Seasonal ONE—ELECTRICAL ENGINEER to work on the design of special 

K. Internal Service which they are authorized to ) ¢ as ‘ P nie - oimeal . 
operate with DH.89, Dakota and Marathon aircraft pro and actuators and their associated control circuits for power 
on the route Nottingham (Tollerton, and/or Derby reactors. 

ease, Encmmoeen (testa) Gaakaied cee. Applicants should hold an engineering degree or equivalent and have 

Jersey, until 30th September, 1959, and which they had experience in the design of electro-mechanical mechanisms or special 
have previously applied to amend so as to permit the duty medium sized motors 
operation of four return flights weekly between Mon fe « 7 3 . 7 . ae 

days and Thursdays and 14 return flights weekly Written applications giving details of age, education, qualifications and 
between Fridays and Sundays from Ist March to 3lst career to date should be sent to 
October each year with an optional traffic stop at 
Guernsey and integration with their U.K. Internal 
Service on the route Oxford (Kidlington)-Southampton ss eaten The Secretary, 
Bastieigh technical Jersey, 90 as now % permit the THE NUCLEAR POWER PLANT Co., LTD., 
inclusion of an optional traffic stop at Nort hampton - a 
Sywell Airport) initially on six services weekly BOOTHS HALL, KNUTSFORD, CHESHIRE. 
increasing later according to traffic demand aa 1 ’ P 
>> Please mark your envelope F/ELEC/28. 





APF ICATION No. 658/2 
the terms of approval of the U.K. Internal Ser- 
vice which they are authorized to operate with Dakota 
and Marathon aircraft on the route Birmingham (Elm 
don (optional)-Derby-Carlisle (Crosby) (optional)- 
Edinburgh (Turnhouse) (optional)-Glasgow (Renfrew 
until 2ist February, 1963, at a frequency of one return 
flight daily on Mondays, Tuesdays, Wednesdays, 
Thursdays and Fridays only, so as to permit the opera 
tion of one return flight daily throughout the week 





TRY APPRO 


The 
Fairey Aviation Company Limited 


HAYES, MIDDLESEX 


"THESE applications will be considered by the Coun- requires 
cil under the Terms of Reference issued to them STR j 
by the Minister of Civil Aviation on 30th July, 1952 — ESSMEN 
Any representations or objections with regard to these for specialised work on Fairey Hydraulic 
applications must be made in writing stating the Power Controls for all t pes of fixed 


and rotating wing aircraft. Five days 
week ; pension scheme and flying club 
available. Saturday or evening inter- 
views can be arranged for selected can- 
didates. Applications should be made 
to the 
Personnel Ma r, 
The Fairey Aviation Co. Ltd., 
Hayes, Middlesex 


reasons and must reach the Council within 14 days of 
the date of this advertisement, addressed to the Secre- 
tary, Air Transport Advisory Council, 3 Dean's Yard. 
London, 5.W.1, from whom further details of the 
applications may be obtained. When an objection is 
made to an application by another air transport com- 
pany on the grounds that they are applying to operate 
the route or part of route in question, their applica- 
tion, if not already submitted to the Council, should 
reach them within the period allowed for the making of 
representations or objections 7357 
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PATENTS 


TUITION 


SITUATIONS VACANT 





Tr proprietor of British Patent No. 644478 entitled 
Improvements in Rotor Blade Airfoils, offers same 
for license or otherwise to ensure ~~ TY working 
in Great Britain. Inquiries to Singer, Stern & Carlberg, 
Chrysler Building, New York 17, N.Y., U.S.A. [7365 





PUBLIC APPOINTMENTS 





APPLICATIONS are invited for pensionable posts as 
EXAMINERS 
in the 
PATENTS OFFICE 


to undertake the official scientific, technical and legal 
work in connection with Patent applications 
ASE at least 21 and under 35 years on Ist January, 
957. with extension for regular forces’ service 
ANDIDA’ TES must have Ist or 2nd Class Honours 
in Physics, Organic or Inorganic Chemistry, 
Mechanical or Electrical Engineering or in Mathe- 
matics, or an equivalent qualification, or have achieved 
a__ professional Gian 2 e A.M.LC.E 
A.M.I.Mech.E., A.M.LE.E., A.R.I For a limited 
number of vacancies candidates with Ist or 2nd Class 
Honours degrees in other subjects—scientific or other- 
wise—will considered. Exceptionally candidates 
otherwise qualified by high professional attainments 
will be considered. 
GTARTING pay for S-day week of 42 hours in 
London between £605 and £1,120 (men) according 
to post-graduate (or equivalent) experience and 
National Service. Maximum of scale £1,345. This 
salary scale is being increased by approximately 5 per 
cent. Women’s pay above £605 slightly lower but is 
being raised to reach equality with men’s in 1961 
Good prospects of promotion to Senior Examiner 
rising to £2,000 (under review) and reasonable expecta 
tion of further promotion to Principal Examiner 
FUR THER particulars from Civil Service Commis 
sion, Scientific Branch, 30, Old Burlington Street, 
London, W.1, quoting $128/57 and stating date of 
birth. Application forms should be returned not later 
than 31st December, 1957 7 





RADIO 





MR80 or 100. 12V 
Reasonable price.- 


ANTED, Murphy 
without crystals 


with or 
Box No 
[7330 


Ww 


2995 





TUITION 





“AIRWAYS AERO ASSOCIATION, LIMITED,” 
Croydon Airport 
LINK TRAINING 


Instrument Rating Specialists, £1 per hour 


eee enacele roydon 9308 [0730 


A SUCCESSFUL career for your son 
ERONAUTICAL, technical and practical training 
‘ for all branches of aeronautical engineering 
Diploma course leads to executive appointments in 
civil aviation design and development, draughtsman- 
ship, maintenance, etc. Extended courses to prepare 
for A.F.R.Ae.S. and A.M.I.Mech.E. examinations 
Write for prospectus to Engineer in Charge, C Cat 
of Aeronautical Engineering, Chelsea, London, S.W.3 
FLAxman 0021 [0019 


MARSHALL 


AIRPORT WORKS CAMBRIDGE 
DESIGN AND DRAWING OFFICE 


SENIOR 
STRESS ENGINEERS 


required for interesting work on 
MODERN AIRCRAFT 
INCLUDING NEW PROJECTS 


craft experience desirable but not 
essential 








Air 


Excellent opportunities for right type 
New housing available if required 


Applications in first instance to 
PERSONNEL MANAGER 

















AIR SERVICE TRAINING 


The only fully equipped private School of Aviation 
Specialist staff, comprehensive equipment and full 
residential and recreational facilities within the School 
ensure the soundest training for an aviation career 


M.T.C.A. APPROVED COURSES 


for private and commercial pilots’ licences and main- 

tenance engineers’ licence in categories “A” and “C.’ 
HELICOPTER COURSES 

for private and professional licences. Details available 

from the Commandant 


AIR SERVICE TRAINING, LTD. 


Tel.: Hamble 3001/9. 
[0970 


Hamble, Southampton. 
CIVIL PILOT /NAVIGATOR LICENCES 


VIGATION, LTD., provides full-time or postal 
tuition, or a combination of either of these methods 
to suit individual requirements, for the above licences 


Classroom instruction can be provided for A.R.B 

General, certain Specific Types and Performance 

Schedule examinations Link Training Dept. at 

MONarch 1364 

Fror full details apply to the Principal 

AVIGATION, LIMITED, 

30, Central Chambers, Ealing B/way. London, W.5 

Tel.: Ealing 8949 [0248 


HIPMUNKS for instrument, refresher and all fly- 
ing training. Also Link instruction to rating 
standard, all at aerodrome 12 miles central London 
Ring Elstree 3070, or write to the Chief Instructor, 


Elstree Aerodrome, Herts [7340 
REE! Brochure giving details of courses in all 
branches Aero Engineering covering A.F.R.Ae.S 

M.C.A. exams, etc Also courses for all other 

branches of engineering. Write: E.M.I. Institutes 

Dept. F26, London, W.4 Associated with H.M.V 

[0964 

F.R Ae S., A.R.B. Certs., A.M.I1.Mech.E., etc 
@on “no pass, no fee’ terms Over 95 per cent 
successes. For details of exams, and courses in all 


branches of Aeronautical work, Navigation, Mechani 


cal Engineering, etc., write for 144-page handbook 
free LE.T Dept. 702 29 Wright's Lane 
London, W.8 [0707 
EARN to fly, £30; Instructors’ Licences and Instru 
ment flying, for £3 10s. per hour. Night flying 


£5 per hour. Residence 6 guineas weekly. Approved 
M.C.A. Private Pilot's Licence course. Specialized 
course for Commercial Pilot's Licence. Wiltshire 
School of Flying Ltd., Thruxton Aerodrome 


Andover Junction | hour 15 minutes from Waterloo 
Hants {0253 


QOUTHEND-ON SEA Municipal Air Centre and 
Flying School. Comprehensive training for all 
pilots’ licences, ratings and endorsements. Special 


facilities for instrument, night-flying and commercial 
pilot licences. Chipmunk aircraft. Link training to 


full instrument rating stanc jard No entrance fee or 
subscriptions. M.T.C. approved. 30-hour course 
Municipal Airport, Southend-on-Sea. Essex. Rochford 
56204 [0453 





SITUATIONS VACANT 





FOLLAND AIRCRAFT LIMITED 


PPLICATIONS are invited for the following rf osi 

tions in the Aerodynamics department in 

connection with design and development work on the 
Gnat Fighter and Gnat Trainer 


ANALOGUE COMPUTOR 


N Aerodynamicist or Mathematician is required 
to be responsible for operation and development 
of an analogue computor and flight simulator installa- 


tion. Some experience in this field is required but 
consideration would be given to applicants with 
experience of control and stability, flutter or servo 


mechanism techniques 
INTERNAL AERODYNAMICIST 


ERODYNAMICIST required to take charge of 
internal Aerodynamics Section to be concerned 
with design and development work on pressurisation 
and ventilation systems, airborne equipment cooling, 
intake design and propulsion analysis. Some experi 


ence of flight test methods would be desirable in 
connection with the above topics 
HE above vacancies are superannuated, and offer 


excellent social and welfare conditions with modern 


progressive organisation. Applications to the Chief 
Aerodynamicist, Folland Aircraft Ltd., Hamble, nr 
Southampton. (Tel.: Hamble 3191 (7361 


ECHNICAL Illustrators. Senior and Intermediate 

Illustrators who are interested in the latest develop- 
ments in aviation are invited to write to us for details 
of careers with this expanding and progressive com 
pany. Applicants should be capable of projection from 
orthographic drawings. Please write now to the Per 
canned Manager (ref. 125D), de Havilland Frepeiwe 
Limited, Manor Road, Hatfield, Herts (7349 





NEW ZEALAND 
CIVIL AVIATION ADMINISTRATION 


pv! TES applications from suitably qualified persons 
for appointment as ASSISTANT DIRECTORS OF 
CIVIL AVIATION, (2) Air Department, in New Zea- 
land Salary up to £1,940 a year according to qualifica 
tions and experience 
PPLICANTS should have had wide practical ex 
perience in the administrative and technical fields 
of aviation Technical qualifications in some branch 
of engineering or aeronautics will be an advantage 
Te appointees to each of the two positions should 
have the qualifications and experience for ultimate 
succession to the position of Director. One of the two 
ositions will be as Assistant to and Deputy for the 
Director of Civil Aviation in supervising the Airworthi 
ness and Operations Divisions and the regulatory func- 
tions of the Director. The other will in a similar capa 
city supervise the Divisions dealing with Airports and 
Airways facilities including radio and electronic engi 
neering and the general administration of the works 
programme 


PPLICATION forms and conditions of service may 
be obtained on request from the High Com 
missioner for New Zealand, 415 Strand, London, 
W.C.2, mentioning this paper and quoting reference 


number B.11/6/2. Completed applications to be none 
in London not later than 31 December, 1957 7 


STRUCTURAL AND MECHANICAL 
TEST ENGINEER 


(Intermediate) required for important new pro 
gramme of work on GNAT TRAINER and further 
GNAT FIGHTER developments 

UALIFICATIONS required will be an Engineer 


ing Degree or H.N.C. with preferably two or 
more years’ experience in this field 
HE position is progressive, superannuated, and 
offering excellent social and welfare facilities 
Applications to the Personnel Manager, 
FOLLAND AIRCRAFT LIMITED 
Hamble, Southampton. (Tel.: Hamble 3191 
[7360 
STRESSMEN 


for a major 
GUIDED WEAPONS PROJECT 


AREERS in this vital work are offered to senior 
intermediate and junior stressmen Applicants 
should have at least H.N.C. in civil, mechanical or 
aeronautical engineering, and 2 years’ experience of 
stressing. Two senior posts are open to more experi- 
enced men and to graduates. Candidates should send 


full details of their qualifications and experience in 
confidence to Box No. A.C.3546, Samson Clarks, 
57/61, Mortimer Street, W.1 (7355 


“HIEF Draughtsman required by established engi 


necring company situated in the Slough area 
Considerable previous experience essential in light 
engineering preferably with aircraft background 
Applicant must be accustomed to responsibility and 
control of Drawing Office work Attractive salary 
for young energetic man. Write giving full particulars 
of technical training—previous experience and stat 
ing age-—-for the personal attention of General 
Manager. —Box No. 2993 (7328 








MARSHALL 


AIRPORT WORKS CAMBRIDGE 
VACANCIES AT CAMBRIDGE 


for 


SKILLED AERO 
ELECTRICIANS 


Required for Installation and Testing 
Electrical Systems in Civil and Service 
Aircraft 


Also 


SKILLED AIRFRAME 
FITTERS 


Good Average Earnings 
Single Lodging Accommodation 


Available 
Write, call or ‘phone 
Cambridge 56291. Ext. 36 


EMPLOYMENT OFFICER 
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SITUATIONS VACANT 


SITUATIONS VACANT 


SITUATIONS VACANT 





QTAFF Pilot required by 





IIGERIAN FEDERAL GOVERNMENT Depart 

ment of Civil Aviation on contract for one tour 

of 12/24 months in first instance. Salary (including 
Inducement Addition) £2,082 a year. Gratuity at rate 
of £150 a year Free passages for officer and wife 
Assistance towards cost of children’s passages and 
rant up to £150 annually for maintenance n U.K 
fliberal leave on full salary. Candidates, between 30 
and 45 years of age, should hold a current Senior 
Commercial Pilot's Licence or preferably an Airline 
Transport Pilot's Licence with at least 500 hours in 
command They should also be qualified as Instru 
ment Rating examiners and be competent to under 


take instrument rating tests and radio calibration, 
including A.D.F. and V.O.R 
wr TE to the Crown Agents, 4 Millbank, London, 
S.W.l State age, name in block letters, full 
ualifications and experience and quote M3B/44193 
EE [7339 
‘LIDING. Experienced Instructor wanted for 
courses April to August 1958 inclusive, with 
possibility of permanent employment. Lasham Gliding 
Centre, Alton, Hants [7287 
’ FI. required for Flying School, West of England; 


® minimum qualifications Commercial ilot’s 
Licence, full G.A.P.A.N._ Instructor’s Endorsement 
Box No. 3160 [7359 
LANNING Assistants required by company 
engaged on manufacture of components for modi 
fications to modern aircraft Previous experience 
desirable in planning methods and tooling functions 
G'' full particulars experience, etc., in writing to 


ERSONNEI 
Cambridge 
EQUIRED, Carpenter Rigger, Aircraft Electrician 

A. and C. licensed Engineers, Fitters and Riggers 

In the first instance, apply in writing, giving full details 
of qualifications and experience to Goodhew Aviation 


Manager, Marshalls Airport Works 
{7358 


Company, Ltd., Oxford Airport, Kidlington, Oxford 
[7310 

ADIO Engineer required for London Airport 
Candidates must be familiar with radio equip 





ments installed on modern American airliners, prefer 
ably on Super Constellation aircraft. Salary according 
to qualifications Apply immediately to Station Engi 
meer, Pakistan International Airlines, 45 Piccadilly 
London, W.1 [7313 
ISCOUNT “A” and “* 
required for supervisory 
independent airline at London 
and other staff conditions to 
offering good future prospects to a man with drive 
and initiative. Please write Box F531, LPE, Romano 
House, 399/401 Strand, London, W.C.2. [7336 
IRST-CLASS licensed Aircraft Engineers required 
as Senior Supervisors for shift duties at London 
Airport Excellent pay and conditions to the right 
type of person who is prepared to act with initiative 
and leadership in rapidly expanding independent air 
line offering good future prospects These positions 
will carry a salary with allowance in excess of £1,000 


licensed aircraft engineers 
duties on shift work in 
Airport. Good salary 
right type of person 





OMMERCIAL Pilot/Chief Aircraft Engineer (pre- 
ferably single), required for service in the Sudan, 
sossessing Pilot's Licence endorsed for Auster 
Jariants and Piper Super Cubs and ABCD Engineer's 
Licence endorsed for Austers, Gipsy Major and Cirrus 


Major III engines—Lycoming engine endorsement 
an advantage, also approved welder. Salary range 
£1,400/£1,700 per annum (tax free), according to 


experience and qualifications, plus pilot's flying bonus. 
Free accommodation, subsistence and air passage 
Two months’ paid U.K. leave (air passages paid 


annually.—Apply, with full particulars of licences and 
endorsements, flying hours, etc., to Personnel Man- 
ager Fisons Pest Control Limited, Harston, 
Cambridge (7329 








MARSHALL 


AIRPORT WORKS CAMBRIDGE 
TOP GRADE 
AIRCRAFT 
INSPECTORS 


Required 
Airframe and Electrical 
Must be experienced on Multi-Jet and 
Turbo-Prop Aircraft 
Suitable applicants will be offered 
STAFF RATES 
AND CONDITIONS 


including Contributory Superannuation 

Write, call or phone for interview 
Cambridge 56291 Ext. 36 
EMPLOYMENT OFFICER 











HAVE YOU A FLAIR FOR 
SELLING? 

If so, an opportunity exists in the Sales Depart- 
ment of an expanding firm of aircraft electronic 
spares suppliers situated in Surrey 
Some knowledge of aircraft electronics an 
advantage but ability to assimilate part num 
bers essential. Salary and commission on sales 














CAPTAINS required with York experience, mix 
mum hours in command 5,000 hours, with 1, 
Apply T.M.A., P.O. Box 301 

73) 


ANDLEY PAGE (READING), LTD. Ti 
Aerodrome, Woodley, Reading, have vacanci 
for Senior Stress Engineers, with wide practical exper 
ence, for interesting work on Civil Aircraft Lig 
commencing salaries with new houses to rent wi 
be offered to those appointed. Life -— yy ar 
ease 


hours on Yorks. 
Beirut, Lebanon 


Superannuation Scheme in operation. ser 
Soll pastioulars of experience, etc., to the Personne 
Officer {028 

E.A. require Aircraft Inspectors. Applican 


e should have served a recognised engineerin, 
apprenticeship, or have equivalent experience. In addi 
tion, at least five years’ experience in the maintenanc: 
and /or manufacture of aircraft. Applicants should hav« 

ood technical knowledge of both engines and airframe 
‘ossession of current licences desirable. Write to Per 
sonnel Officer, British European Airways, Engineering 
Base, London Airport, Hounslow, Middlesex (735 
ETALLURGIST, graduate or fully qualified, for 
new Hardening Shop. Practical experience includ 

ing A.I.D. procedure essential. Initial requirement 
will entail unassisted operation of plant. This is a job 
for young man prepared to contribute to his own and 
the future of a growing company by proving his techni 
cal ability in practice. Write i, ae required to 

M. HARGREAVE & CO., LTD., Central Avenue 

West Molesey, Surrey [73583 





SITUATIONS WANTED 


ECHNICIAN with over 20 years D.O., stress and 
acro-dynamics experience, requires position of 
responsibility and trust. Box No. 3120 [7354 
ILOT, 30, A.L.T.P., 5,500 hours, 4,200 command 
heavy twins and multis. Keen and industrious 
Seeks position U.K. or overseas. Box No. 3119. [7346 
YIKING Captain, 32, 8,000 hours, seeks progress to 
newer aircraft with respectable airline. Box No 
3091 [7344 
Pp" OT, age 28, C.P.L., 1.R., 2,200 hours, 1,000 hours 
command. Experience on multi, twin, single and 
Available for immediate employment. Box No 
3090 [7345 
A B.C.D. Aircraft Engineer, 34, seeks position as 
© Chief Engineer or similar post, home or over- 
seas. Experienced in variety of light and medium air- 
craft and aero-engines. Sound practical background 
Reply Box No. 3072 (7343 
NSPECTOR, A.R.Ae.S., R.A.F. Halton apprentice- 
ship, ex-A.1.D., wide experience engines, aircraft, 





yet 


technical stores 10 years present firm. (A.R.B 
approved.) Ambitious, adaptable, desires change, not 
necessarily inspection. Box No. 3073 (7342 





BOOKS 




















— a: plus omer c= om — = Replies in strict confidence to:— 7NGLAND'S only aviation bookshop. Send 3d. for 
y case write Ox r | oO ano . “ » > 
, LPE, n BOX No. 3171 ’ 14-page catalogue or call Saturday. Beaumont, 2a 
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LUCAS es S Level I e Test Il e for — scl 1 pr f I ) 0 r 
deve ‘ fuel svstern designs r r the phe al r examination b 
before t na ia ire aires pl ing 

ko ‘ I as des ed and built This is one of many highly-developed facilities 
tw ents ich are unique in Europe. One part of tl e service Lucas offers aircraft 
ta a tr le function from the engine and = engine manula rers 


Fuel and Combustion Systems for Gas Turbine Engines 
JOSEPH LUCAS (GAS TURBINE EQUIPMENT) LTD., Birmingham & Burnley 
Melbourne & Sydney. Australha 





ALIA) PTY. LTD., 


LUCAS-ROTAX (AUSTI 
loronto, Montreal and Vancouve 


LUCAS-ROTAX LTD 


r, Canada 











Boosted off 
Bioodhound 


the tauncher by 


rockets, 


is within seconds seeking 


its target at well over 1.000 mph 


BLOODHOUND ENTRUSTED WITH 
MAJOR ROLE IN 


BRITAIN’S AIR DEFENCE 


Bristol/Ferranti 


Bloodhound complete 
surface-to-air missile system 
proved and in full production 


tested, 


The widespread redeployment of Britain’s armed forces 
away from manned and towards unmanned weapons, is 
reflected in Bristol's production lines. Production of the 
Bloodhound guided weapon system is—with the exception 
of the Britannia airliner—the largest single activity of the 
Bristol Group of Companies. 

The Bloodhound will become the mainstay of the United 
Kingdom defence network as surface-to-air missiles pro- 
gressively take over from the manned fighter. Bloodhounds 
and their Bristol Thor-type ramjet engines have reached 
an extremely high stage of development. The system has 
already proved its effectiveness and is in production for the 
Royal Air Force. 


BRISTOL 


Bloodhound 


BRISTOL AIRCRAFT LIMITED 





OPERATION: Bloodhound, 
with its Ferranti-designed guid 
ance and control system, is a 
semi-active homing missile; this 
means that it is guided by a 
radar beam projected at the 
target and reflected back to re- 
celving equipment in the missile 
itself 
As a 
proa hes, its position is plotted 
and followed by 


hostile aircraft ap- 


radars. Co- 


CE 


ordinates of this position are 
fed to the 


which move automatically to 


missile launchers 
bear on the target. As soon as 
the echo from the target ind 
cates, by its strength, that t! 
target is within range, a light 
flashes in front of the launc! 
controller, who has only to 
press the firing button to send 
Bloodhound roaring into the 
sky. 


AN 


Missile guidea Dy ragar peam 


refiected by hostile aircraft 


CECECTECECCECCCTIOCCEOTEE 


Rader beam from 
ground defence 





